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i i i  
I NTRODUCTION 
AASHTO (1) def i n es a h i g hway s houl der as that " port i on of the roadway 
con t i g uous with the trav e l ed way for accommodat i on of s topped veh i c l es for 
emergency us e ,  and for l ateral support of bas e  and s urface courses. " The  
bas i c  funct i ons of  a h ig hway shoul der are del i neat i o n ,  dra i nage ,  structural 
s upport , and emergency and s afety us es ( 2 ). Regard i n g  de l i neati on , a h i g h l y  
v is i b l e ,  contras t i ng s houl der is necessary t o  enab l e  motorists t o  c l early 
and e asily d iscern p roper paths i n  the travel l a ne .  The s h oul ders , w hether 
s urfaced or not , s houl d be des i gned , constructed , and mai ntai ned to i ns ure 
t h a t  wat er  wi l l  d r a i n  q u i c k l y  from t h e  p a v em e n t. T h e  s h o u l der , when  
properly  des i gned , furnishes s tructural s upport to the  pavement base and 
s urface cours es by s erv i n g  as a buttress a l ong the edge. The emergency us e 
f u n c t i on of a s h o u l der  is t h e  us e m os t  c omm o n l y  c i ted . T o  s er v e  t hat  
purpos e ,  shou l ders shou ld  be  of  adequate width and  capab l e  of  s up port i ng 
v e h i c l es .  Sh o u l d ers a l s o  improve  s i g h t  d i s t a n c es i n  v er t i c a l  c u ts and 
p r o v i d e s p a c e  f o r  l a t e r a l  c l e a r a n c es t o  s i g ns a n d  g u a r d r a i ls  a n d  
mai ntenance opera t i ons .  Sh oulders s houl d meet t he fol l owing  requ i rements 
(3) : 
a) Ma i ntai n stabi l i ty i n  a l l  types of weather;  
b) P revent d i fferentia l  heave or settl ement s o  as to maintain  the  
s am e  e l evat i on as the  adj acent traffic  l anes ;  
c) P oss ess the ab i l ity to s upport axl e l oads permi tted on traff i c  
l anes ,  though fewer i n  n um ber ; 
d) Provide for free cross drai nage of s urface water between driv ing 
l anes and di tch with m i n imal  l eakage i nto the s ubgrade ;  
e) Have a s er v i ce l i fe comparab l e  to  the ma i n l i ne pavement ; and , 
f) P rov ide i ntended serv i ce at l ow annual  cos t .  
P av ed s houl ders provide smoother and s afer t raff i c  operat i ons , reduced 
m a i n tenance requ i rements on both t he s ho u l der and ma i n l i ne pavements , and 
improved performance of the mai n l i ne pavem ent . 
G eometr i c  detai ls for shoul der des i gn shoul d i n cl ude wi dth , cross 
s l ope , and cont i n u i ty of the shoul der . Detai ls wi l l  d epend upon s houl der 
type and ant i c i pated n umber and types of veh i c l es i n  the traffic stream .  A 
wi der s houl der is used on h i g h- type faci l i t i es that carry l arge vo l um es of 
traff i c ,  The cross s l ope of the shou l der enhan ces drai n age for removal of 
water from the h i g hway. Tu rf s houl ders shoul d hav e  steeper cross s l opes 
than paved shoul ders . A conti nuous s houl der is us ual ly prov i ded on h i gh­
type  fac i l i t i es ;  h owever , on many l ow-type fac i l i t i es ,  the s houl der is not 
conti nuous , espec i a l l y  on bri dges . Sh ou l ders on l ong bridges may not be 
just i f i ed on acc iden t- reduct i on or economi cal grounds when nominal  traffi c 
vo lumes are ant i c i pated . 
Th i s  report dea l s  p r i n c i pal ly  with the structural design  of h i g hway 
shou l ders . Des ign cr iter i a  wi l l  be presented to encompass both f l ex i b l e  and 
r i g id type shoul der pav ements . 
K e n tuc ky ' s exper i e n c e  w i t h  expe r i m e n t a l  s h ou l der  d e s i g n  has  been  
concentrated on  two appl i cat ions . Portl and cement concrete shoul ders were 
cons tructed on US 31W in Meade and Hardin Counties in 1974. A sect i on of 
b i tum i n ous concrete shoul der a l s o  was constructed on US 3 1W.  Bi tumi nous 
c o n c r e t e  s houl d e r s  were c o n s t ructed on I 275  i n  Kenton  and  Campbe l l 
Cou n t i e s i n  1 97 7 .  An exper i m e n t a l  truck  r e s t  l an e  was des i g n ed an d  
construc ted on  KY  15 ,  Whi tesburg Bypass , i n  1 9B3. V i sual moni tor i n g  of 
these appl i cat i ons has conti nued throughout the s tudy per iod.  
Extens i v e  l i terature search and rev i ew were conducted i n  conjunction 
with t h i s  study. Twenty- s i x  art i c l es concern i n g  vari ous aspects of portl and 
cement concrete and b i tum inous concrete h ig hway shoulders were obtai ned. 
Each art i c l e  was rev i ewed and a short abstract was prepared . The era of the 
a rt i c l e s  r a n ged from t h e  l at e  1 9 5 0 ' s  t h rough t h e  ear l y  1 9 80's . Th e 
l i t e r ature co n t a i n ed co n s i d er a b l e  h i stor i c a l  d a t a  c o n c er n i n g t h e  
deve lopment o f  h i ghway s houlders . 
liTERATURE SEARCH 
As indicated i n  NCHRP Report 63 (4 ) , the primary cr iteria  used to  
sel ect s houl der type are h i g hway c l as s i f i cat i ons and t raff i c  volumes . In  40 
percent of the reporti ng states , 14 percent used a spec i f i ed mater ia l  for 
a l l  shoulders.  On ly one state of the 43 respond i n g  to a 1977 ques t i onnaire 
based the  shoul der type on the percentage of truc ks i n  the traffic  stream .  
Th e predominant criter i a  for shoul der th i ckness and width , l i ke shoul der 
type , was the h i ghway c l as s i f i cat i on and traffi c vol ume. S i x  states used 
the s ame des ign procedure for s houl der t h i ckness as for the travel l an e ,  
and four states used a percentage of the traffic i n  t he adjacent travel 
l ane for shoulder t h i c kness des i g n .  Sh oul der wi dth appeared to be the most 
s t a n d a r d i zed e l eme n t  of s h o u l d e r  d e s i g n .  F o rty - one  s t a t e s  used  e i t h er  
AASHTO recommendat ions  or h ig hway c l a s s i fi cat i ons and  traff i c  volumes . 
Shou l der s l opes were the most  var i abl e e l ement of shoul der des i g n .  Fi fteen 
states used a standard s l ope for a l l h i ghways , wh i l e  16 states var i ed the 
s l ope depending  on h i ghway c l as s i f i cat ion  or s houl der surface mater i a l . 
Surface drai nage was accommodated by the cross s l ope of the shou l der . For 
subsurface drai nage , underdrai ns or free drai n i ng base courses were used by 
most  s t ates . V i su a l  i n s p e c t i on was most  often  c i ted  as the  means  to  
eval uate shoul der cond i t i on .  
2 
A summary of shoul der des ign  pol i c i es for var i ous agenci es i s  i nc l uded 
i n  NCHRP Report 254 ( 5 ) , " Shoul der Geometrie s  and Use Gu idel i nes, " The 
three objectives  of the report i nc l uded the fol l owing : to iden t i fy h i g hway 
shoul der design  pract i ces and operat i onal  uses of shoul ders , to determ i ne 
o p t i m um u t i l i z at i o n of h i g hway s h o u l d e r s , and  to  e n co u r age greater  
u n i form i ty i n  h i g hway s h o u l der g e omet r i c  d e s i g n  and  u s e  g u i de l i n es . 
S e v e n t e e n  stat e , cou n ty , a n d  c i ty h i g hway age n c i e s were s e l ected t o  
represent all geograph ic al and cl imatic condit i on s  i n  both rur al an d u rban 
l o c at i o n s .  Age n c i e s from the fo l l ow i n g  l o cat i on s  were i nterv i ewe d :  
Arkansas ; Ba l t i more County , Mary l an d ;  Cal if or n i a ;  Connect i c u t ;  Georg i a ;  
Idaho;  I l l i n oi s ;  Lake Co unty ,  I l l i noi s ;  Mary l and;  Ne bras ka ; New Jersey ;  New 
Mex i co ;  New O r l eans , Lou i s iana;  New York ; North Carol i n a ;  Texa s ;  and West 
V i rg i n i a .  Twenty-three u ses of h ighway s houl ders were i dent if ied i n  the 
report :  
1 .  Emergency stopp i n g  ( mechan i cal  d i ff i c u l ty) , 
2.  Par k i ng ,  
3 .  Ma i l  and other del i veri es ,  
4.  Turn ing  and/or pass i n g  at i ntersect i ons , 
5 .  Rou t i n e  ma i ntenance , 
6 .  Snow storage , 
7 .  Ar i d  areas , 
8. Major reconstruc t i on and mai ntenance act i v i t i e s ,  
9 ,  Off- trac k i n g ,  
1 0 .  Encroachment ,  
1 1 .  S l ow mov i ng veh i c l es , 
1 2 .  Pedes tri ans , 
1 3 .  B icyc l e s ,  
1 4 .  Fu l l  runn ing  l anes non freeways , 
1 5 .  Fu l l  runn i ng l anes freeway s ,  
1 6 .  Ma s s  trans i t ,  
17 . Errant veh i c l es ,  
18 .  Emergency veh i c l e  travel , 
1 9 .  Law enforcement,  
20 .  Emergency cal l box s er v i ce and pub l i c  tel ephones , 
2 1 .  Road s i de sal es , 
2 2 .  Garbage p i c k u p ,  and 
23 .  M i s cel l aneous ( funeral s ,  snowmob i l e s ) . 
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A maj ority of the h i g hway shoulder uses i dent if ied are adequately 
provi ded for by AASHTO des ign standards and po l i c i es .  However , AASHTO ' s  " A  
Po l i cy o n  Geometric  Des i g n  of Hi ghways and Streets "  ( 6 )  does not i n cl ude a 
con s i derat i on of truck par k i n g ,  turn i ng and/or pas s i ng at i ntersect i ons , 
maj or reconstruc t i on and mai ntenance act i v i t i es ,  s l ow mov ing  veh i c l e s ,  ful l 
runn ing  l an es on freeway s ,  l aw enforcemen t ,  or roads ide sal e s .  According  to 
t h e  rep o r t , f i n d i n g s  i n d i cate  a d e s i r a b i l i ty to  i n c l ud e  t h e s e  h i g hway 
shoul der uses i n  AASHTO ' s  des ign pol i cy .  
E at::h h i ghway agency i nt erv i ewed h a d  e s t abl i s h ed should er d esig n  
po l i c i es that were i n  general conformance with AASHTO pol i c i e s .  However , 
those des i g n  pol i c i es a l so refl ected spec i a l needs and cond i t i ons of each 
agency. Of the 17 agen c i es i nterv i ewed ,  five  based the type of shoul ders on 
h i g hway c l as s i fi cat i on s ,  s i x  agenc i es des i g ned the i r  shou l d ers the s ame as 
the mai n l i n e  pavement ,  and three based the i r  des igns  on traff i c  vol umes . 
O n e  a g e n c y  u s ed a comb i n a t i o n  o f  h i g hway c l a s s i f i c a t i o n s  and  traff i c  
vol umes and one agency des i gned h i g hway shoul ders based o n  the i r  proposed 
usag e .  Th e rema i n i ng agency sel ected shou l der type through a spec ia l  des ign  
commi ttee . 
Sh oul der del i neat i on practi ces were genera l ly cons i stent . Al l agen c i es 
i n t e r v i ewed u s e d  a wh i te edge  l i n e  to  d e l i n eate the  s h o u l der  from t h e  
mai n l i n e  pavement ,  a l though there was some v ar i ance regard i n g  pl acement of 
the edge l i ne .  The use of contrast i ng surface textur i n g  to ach i eve shoul der 
del i neat i on had been tr ied by nearly al l agen c i es i ntervi ewed. Becau se of 
the add i t i onal  i n i t i a l  constr uct ion  costs and relatively  short l i fe of 
textu r i n g ,  the pract i ce was genera l l y  d i scon t i nued.  
Roadway drai nage was accommodated by i n creas ing  the cross s l ope of the 
shoul der . Agen c i es al so reported u s i ng subsurface dra i n s ,  shoul der drai ns , 
or exten s i ons  of the s ubgrade to the foresl ope to improve the stabi l i ty of 
mai n l i ne  and shoul der pavements .  
Portl and cement concrete (PCC )  shoul der des i g ns hav e ,  for the  most 
part , been based on engi neering j udgment . In 197 8 ,  Saw an and Darter (7 ) 
p r o p o s ed a s t r u c t u r a l  d e s i g n  procedure  that  c o n s i dered  a l l factors  
i n f l u e n c i n g  h i g hway s h o u l der des i g n .  Major  var i a b l es i n c l uded s l ab 
th i ckness  and tapering  of thi cknes s ,  j o i nt s pac i n g ,  foundat i on support and 
l os s  of support , t ie  between the shou l der and traff i c  l an e ,  width of the 
shoul der s l ab ,  and design and cond i t i on of the adjacent traffic  l ane . 
Con s i der ing these variab les , the fol l owing conc l us i ons  were drawn with 
respect to shoul der design  and performance: 
1 .  T h e  two l o a d  p o s i t i o n s  t h a t  m u s t  be c o n s i d e r e d  i n  
determi nation of the requ i red shoul der thi c kness are the 
i n s ide edge near l ane/shoul der jo int  ( encroach i n g  traffi c )  
and  the  outs i de edge of  the  shoul der ( parked traff i c) , 
2 .  M i n i m um th i c k n e s s  of 6 i n c h e s  for t i ed p o r t l and c em e n t  
concrete sho u l ders , 
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3 .  Taperi ng of the thi ckness was not recommended , 
4 .  Shoul der width should  be  at l east 3 to 5 feet , 
5 .  Ti e sys tems that prov ide at l east 50 percent l oad transfer 
greatly  reduced criti cal stress es , 
6, Moderate foundat i on s upport was jus t i f i ed ,  and , 
7 .  S l ab l ength should  not exceed 1 5  feet . 
Much of the report (7 ) focused on deve l o pment of a computer program 
for t h e  a n a l ys is of a s h o u l der  d e f i n ed by a g i v e n  s et of i n put  des i g n  
parameters . Th e program determ i ned the fat i gue damage t o  the s houl der due 
to spec i f i ed l oad i n gs .  Mi n imum des i gn t h i c knesses were chos en for the g i ven 
c o n d i t i o ns by a n a l y z i n g d i fferent  t h i ck n ess es and r e l at i n g  a l l owab l e  
fatigue  damage to the shoul der t h i c kness . 
Havens et a l . ( 8 )  devel oped a " Des i gn Gu ide for Bi tum i nous Concrete 
Pavement Structures " in 1981 . That report i nd i cated that nei ther the des i gn 
charts nor EAL parameters were dis cretely appl i cable  to the s tructural 
des i gn of b i t uminous concrete shoul der pavements . Shoul der pavements , i n  
one s ens e ,  were cons i dered analogous to " hard s tands " ;  i n  another s ens e ,  
shoulders might  be compared to l ow- vol ume roads . Des i gns for 7 . 8  x 103 
ESAL 's  ( equ i val ent to 1 . 07 1 8-k i p  axl es per day or 7 , 800 repet i t i o ns i n  20 
years )  cou ld  res u l t  i n  over des i g n .  However ,  i f  i t  became necessary to 
d i vert traff i c  onto the shoul der to do mai ntenance on the ma i n l i n e ,  the 20-
year quota of repet i t i ons wo u l d  be accumul ated in a matter of days . It  was 
t h is reas on i ng that l ead Havens to suggest  that shoul der th i ckness des i gn 
shou ld  i nc l ude s ome res erve capabi l i t i es .  Havens further s uggested that 
des i g n  c urves for 3 . 1  x 1 04 ESAL 's be used u nt i l  more def i n i t i ve cri teria 
became ava i l ab l e .  Reducti ons in th i c kness es of f l exi b l e  s houl ders co u ld  be 
j us t i f i ed becaus e  they wou l d  be repai rab l e .  
Overal l ,  26 art i c l es concer n i ng al l as pects of the h istory of s hou lder 
des i g n , construct i on ,  and performance were rev i ewed .  Sh ort abstracts were 
wr i tten for each art i c l e  and are contai ned i n  Append i x  A .  
EXPERIMENTAL SHOULDERS 
For the i n i t i a l  exper imental shoul der construct i on i n  Kent uc ky , two 
s i tes were chos en ,  one for port 1 and cement concrete s houl ders , the other 
for b i t um i n o us c o n c rete s h o u l ders . Proj e c t  SP 47 - 1 9 - 2 5 ,  SP 8 2 - 3 - 1 6 ,  
F7 9 ( 27 ) ,  a 3 . 44-m i l e  s ec t i o n  of U S  3 1 W  between Radc l i ff and Ti ptop i n  
Hard i n  and Meade Count i es ,  was sel ected for cons truction  of portl and cement 
concrete shoul ders (see F i g ure 1 ) . I nc l uded wi th the experimental con crete 
shoulders was a 3 , 200- foot section of b i t uminous shoul der . Proj ect I -27 5-
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Figure 1. Project Location; Experimental Portland Cement 
Concrete Shoulders , US 31W. 
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9 (3 ) 1 3 ,  SP 59- 585-l L ,  a 1 . 04-m i l e  s ection of I 27 5 between the KY 17 and KY 
16 i nterchanges in  Kenton and Campbe 11 Counti es ,  was spec i fi ed for the 
cons t r u c t i o n  of b i t um i n o us c o n c r ete  s h o u l d e rs (s ee F i g u r e  2 ) . Th e 
experimental truck res t  constructed as part of the KY 1 5  bypass around 
Wh i tes burg in Letcher C ounty s erved as an other l ocat i on where a b i tum inous 
fac i l i ty could  be mon i tored for performance. 
PORTLAND CEMENT CONCRETE SHOULDERS 
Th e US 31W project is a four- l ane contro l l ed- access fac i l i ty hav i ng 
10- foot shoul ders i n  each d i rect ion . The mai n l i ne  pavement cons isted of 9 
i n ches of port l and cement concrete ( PCC ) on 4 i nches of compacted dens ely 
graded aggregate. Three shoul der t h i c kness es ( 5 ,  6 ,  and 7 i nches )  were 
spec i f i ed .  C ompacted dense-graded aggregate base thi ckness es were 8 ,  7 ,  
and 6 i n ches ,  respect i v ely.  C l ass A PCC concrete ( 6 . 0  bags/cubic  yard) was 
us ed i n  both  mai n l i n e and  s h o u l d e r  pavements . I n g r e d i ent  proport i ons ,  
accord i n g  to 1965 Kentucky Standard Spec i f i  cati ons for Road and Bridge 
C ons truct i on ,  are l is ted i n  Tab l e  1. C r oss s l ope for the concrete s houl der 
was 3 / 4 i n c h  : :  1 foot . A ty p i c a l  cross s e ct i o n  is s hown i n  F i g u r e  3 .  
Re i n f o r c ement  ( WWF  6 x 1 2  - W4xW4 ) was i n c l uded  and  e x c l uded from each  
shoul der th i c kness . F i gure 4 s hows a l ayout of the  experimental shoul der 
s e c t i ons . The  mes h was not c on t i n u o us a c r oss t r a ns v ers e  j o i n ts .  L o ad 
t r ans fer dowe l ass emb l i es were e x c l uded from a l l t r a ns v e rs e s h o u l d er  
j o i n ts .  
TABLE 1 .  I NGRED IENT PROPORTIONS AND REQU I REMENTS 
FOR C LASS A CONC RETE 
============================================================= 
Saturated Surface 
Dry Aggregate 
( l bs/bag)  
Approximate Percent 
F i ne to Tota l Aggregate 
Max imum Free Water 
( g a l / bag) 
M i n imum Expected 
C ompress ive  St rength 
at 28-Days ( ps i )  
Sl ump ( i n . )  
M i n imum C ement 
Factor ( bag /cu  yd ) 
SAND 
17 5 
GRAVEL SAND STONE 
340 213 319 
34 40 
5 .  7 5  
3 ,  500 
1 . 5-3 
6 . 00 
- ------ ---- - - ----------------- - -- - ------------- ---- -- - ----- --
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Figure 2. Project Location; Experimental Bituminous Concrete 
Shoulders , I 275. 
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Figure 3. Typical Cross Section , US 31W. 
167 .. 00 2 20+00 275+00 528+00 
T" COHCitET! WITH WIJtE JCIM r• CONCRETE WJTHOUT WIRE Mf.Sit I•CONCRlTl WITHOUT .,Ill •tH 
----- ..- SOUTH --- :- -------
- ------- NORTH __,.  ___________ _ 
5" COfiC"lTI WITMOUT Wilt! llltiH s• COHtM:Tl WITH WillE MESH I" COMCitiTl WITH Wlltl MIIN 
Figure 4. Layout of Shoulder Section , US 31W. 
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The long i tud inal  j o i nt between the mai n l i ne  pavement and s ho ul der was 
t i ed by d e formed s t e e l  t i e- bars , 1 / 2 i n c h  i n  d i ameter , 30  i n c h es i n  
l ength , and p l aced transverse ly  through the j o i n t .  The bars were pos i t ioned 
3 - 1 / 2  i n ches be l ow the con crete surface and spaced on 30- i nch  centers . 
F i g ure 5 typ i fi es an acceptabl e j o i nt . 
C o r r u g at ed rumb l e  st r i p s  were formed i n  t h e  s h o u l der at 50- foot 
i nterval s to a l ert errant d r i vers . The r umbl e  str i ps were 6 feet in l engt h .  
They b e g a n  3 i n c h e s  from t h e  l o n g i t ud i n a l  j o i nt a n d  extended t o  t h e  
shoul der edge t o  prov ide drai nage. The corrugat i ons  were rounded rather 
than peaked. Thej were 1 i nch in depth and 4 -112 i nches from peak to peak 
or trough to troug h .  The cross s l ope of the r umb l e  str i p  corresponded to 
that of the shoul der . Fi gure 6 i l l ustrates the rumble  strip  deta i l s .  
Sho u l der sect i ons  conta i n i ng rei n forcement were joi nted at 50- foot 
i nterval s to match the ma i n l i ne pavement.  I n termed i ate (25-foot s pac i ng )  
joints  was requ i red i n  the sect ions  without reinforcement.  Standard j o i nts , 
sawed 1 /8 to 1 14 i nch wide and 1 /4 of the pavement th i c knes s in  dept h , and 
fi l l ed with  hot- poured rubberi zed asphal t ,  were used i n  shoul ders and 
mai n l i ne pavement from St ati on 167+ 00 to  St at i on 2 20+00,  
A c ompan i o n exper imen t a l  feat u r e  on  t h i s  project  was  the  u s e  o f  
n e o p r e n e  j o i n t  s e a l s .  A l l  l on g i t ud i n a l  j o i n t s  from Stat i o n  2 2 0+ 00 t o  
Stati on 302+ 50 were sawed 1 /8 t o  1 /4 i nch i n  width and requi red a 7 / 16- i nch 
neoprene compress i on s eal . Transverse j oi nts  from Stat i on 27 3+ 00 to  St at i on 
3 0 2+ 50 were s awed 3 / 1 6  t o  5 / 1 6  i n ch  i n  w i d t h  and  req u i red a 9 / 1 6 - i n c h  
neoprene compress i o n  sea l .  Transverse compress i on sea l s  were conti nuous 
from the center l i ne  through the shoul der . Long i t ud ina l  s ea l s  were i n  50-
foot mi n i mum l engths u n l ess i n tersected by a t ransverse j o i n t .  Ends of the 
l ongitud i nal  seal s were cemented to the transverse seal s .  
Th e experimental concrete shoul ders were con struc ted separate from and 
after the mai n l i ne  pavement.  The shoul der base was pl aced to part i a l  depth 
s im u l t a n e o u s l y  w i t h  t h e  ma i n l i n e b as e .  After  t h e  ma i n l i n e s e c t i o n  was 
paved , the shoul der base was p l aced to final  grade ( see F igure 7 ) .  Pr ior to 
p l ac i n g  the shoul der , t i e  bars bent i nto the keyway during  con struct i on of 
the mai n l i n e  sect i ons  were straightened to proper pos i t i ons  ( s ee Fi gures 8 
and 9 ) ,  Concrete i n  the shoul ders was pl aced , c ons ol i dated, and f i n i shed i n  
accordance with procedures outl i ned i n  the 1 965 Kentucky Department of 
H i g hways St andard Sp ec i f i cat i ons for Roads and Br i dges . Both non-rei nforced 
( see F i g ure 1 0 )  and rei n forced ( see F i g ure 1 1 )  sect i ons  were p l aced i n  one 
l i ft . Th e reinforcement was p l aced in the p l ast i c  concrete and pos i t i oned 
by mechan i cal  means . After f i na l  fi n i sh i n g ,  the rumb l e  strips  were formed 
i n  the p l a s t i c  concrete ( see F i g ure 12 ) . 
P r i or to the i nstal l at ion  of the neoprene sea l s ,  the sawed j o i nts were 
c l eaned with  compres sed a ir  ( see Fi gure 13) . The seal s were i n stal l ed by a 
mechan i c a l  extruder ( s ee Fi gure 14)  wh i ch l ubri cated the seal s as they were 
forced i n to  t h e  j o i n t .  The mec h a n i c a l  e x t r u d e r  was f u r n i s h ed to t h e  
contractor by t h e  manufacturer of t h e  seal s .  Some prob l ems occ urred with 
the i nstal l at i on of the sea l s ,  eventual ly l eading  to manual i nstal l at ion  
( see F i gures 1 5  and 1 6 ) . Cost and project data are summar i zed i n  Ta ble  2. 
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TABLE 2 .  CONSTRUCTI ON AND EXPE RI MENTAL COST DATA -- US 3 1W 
============================================================== 
Date Contract Let : 
Date Contract Awarded : 
Date Work  Began : 
Date Work Compl eted : 
F i na l  Ac ceptance : 
Contractor : 
February 1 5 ,  1973 
February 26,  1973 
March 14 ,  1973 
Neoprene Sea l s  Manufacturer : 
Ju ly  7 ,  1975  
Oc tober 9 ,  1975 
Ruby Construct i o n  
D .  S .  Brown Company 
$ 6 , 07 9 , 27 0 . 58 Total Cost of Project : 
EXPERIMENTAL C OSTS: 
ITEM 
CONCRETE SHOULDER 
5- i n .  Re i n forced 
5- i n .  Non- re i n forced 
6- i n .  Re i nforced 
6- i n .  Non- rei nforced 
7 -i n .  Re i nforced 
7 - i n .  Non-rei n forced 
UNIT PRICE 
$5 . 20/sq yd 
4 . 70/sq yd 
5, 50/sq yd 
5 . 20 / sq yd 
6 . 00/sq  yd 
5 . 40 / sq yd 
N EO PRENE COMPRESS I ON SEALS 
7 / 1 6  i n .  x 3/4 i n .  0 . 75/ft 
9 / 1 6  i n .  x 3/4 i n .  0 , 90 / ft 
TOTAL EXPERI MENTAL COSTS 
BITUMINOUS CONCRETE SHOULDERS 
TOTAL 
Q UANTITY 
5 , 196 sq yd 
5 , 068 sq yd 
1 ,  774  sq yd 
1 , 774  sq yd 
5 , 161 sq yd 
5 , 1 1 7  sq yd 
8 , 418 ft 
2 , 400 ft 
TOTAL 
PRICE 
$ 27 , 0 19 
2 3 , 820 
9 '7 57 
9 , 224 
30 , 966 
27 , 632 
6 , 314 
2 , 160 
$ 1 36 , 891 
Th e I 275  proj ect is a four- l an e ,  l imi ted access i nters tate fac i l i ty 
h a v i n g  1 0 - foot b i t um i n o u s  c on c rete s h o u l d e r s  i n  each  d i r e c t i on. The  
mai n l i ne pavement cons i sted of  1 1  i nches of  con crete pavement on 6 inches 
of compacted dense- graded aggregate. The b i t umi nous concrete shoulders 
c o n s i s t ed of 5 i n c h e s  of compac ted C l a s s  I b a s e  ( AC - 1 0 )  and  1 i n ch of 
compacted C l ass I surface,  Type A,  Mod i f i ed ( AC-10 ) , on 11  i nches of den s e­
graded aggregate .  Th e cross s l ope of the b i tum i nous concrete s houl der was 
1 /2 i n c h  : :  1 foot. A typi cal  cross secti on is shown i n  Fi g ure 17 . 
Po lyethyl ene p 1 ast i c corrugated u nderdrai n p i pe was i ncorporated i n  
the shou l der to faci l i tate s ubgrade drainage.  The 6- i nch s l otted drain  p i pe 
was pl aced paral l el to  the pavement and wa s connected to box i n lets i n  the 
med i an or to headwal l s  on the outs ide shou l der .  The center l i ne of the p i pe 
was pos i ti oned 2 1  i nches from the pavement edge and the fl owl i ne of the 
pi pe  was 15 i nches be l ow the surface ( see F igures 17 an d 18) . 
The dense- graded aggregate base for the b i tum i n ous concrete s houl ders 
was p l aced to part i a l  depth s imul taneous ly  with the mai n l ine  base. Ma i n l i ne 
p av i n g  was comp l eted before  excavat i o n o f  t h e  t r e n c h  for the  d r a i n age  
system .  After pos i t i on i ng the  dra i n  p i pe ,  the  trench was backfi l l ed wi th 
No . 57  s t o n e .  F i n a l  g r ad i n g of t h e  b a s e  a n d  p l a c i n g of the b i t u m i n o u s  
concrete shou lder  were norma l .  F ig ure 1 9  shows the drai n p i pe ex i t i n g  the 
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CONCEPT AND DESIGN OF A TRUCK REST 
A t r u c k  r e s t  ( o r  t r u c k  p u l l  off  or  pu l l  o u t )  i s  a s u rfa ced area  
outs i de the  normal con t i n uous shoul der to prov ide space for par k i ng of one 
or more vehi c 1 es for semi- emergency stoppi ng .  Truck res ts d i ffer from a 
r e s t  a r e a  i n  that  th ey do n o t  prov i d e  s e pa rated ( from the  mai n l i n e 
pavement )  par k i ng areas and add i t i onal  fac i l i t i es .  
The need for truck rests depends to a l arge extent u pon the character 
and volume of traffk, type of hiqhway, and l)eographical locat i on of the 
h i g hway . T r a n s portat i on e n g i neers  have  bec ome i n c r eas i n g l y  awa re o f  
shoul der fa i l ures as a res u l t  o f  t h e  l ac k  o f  such fac i l i t i es .  A warrant for 
s u c h  fac i l i t i e s  wo u l d  be a h i g h  percentage  of h e avy t r u c k s . Two- l a n e  
faci l i t i es i n  mountai nous terra in  wo u l d  b e  further warrant for the use of 
truck rests . 
I n v e s t i gat i o ns  regard i n g  r e a s o n s  and  t h e  p referred l oc at i o n for 
true kers to stop fa  1 1  s i nto two genera 1 categor i e s :  safety and economy .  
Truckers mo st often stop at the  crests of h i l l s .  Stops are made to i n spect 
brakes , coo l i n g  systems , and cargo. Tr uc kers use the stop to permi t faster 
mo v i n g  v eh i c l e s to pas s and  to re s t .  C r e s t s  of h i l l s  a l s o  perm i t  th e  
greatest s ight d i stances and are general ly  free from restr i ct i ng guardrai l s  
and/or b r i dge p i ers .  However , i n  many i n stances , the crests of h i l l s  are 
often  l o c a t ed i n  steep  r o c k  c u t s  and  t h e  w i dt h  of the  s h ou l der may be 
narrower . Th i s  tends to cause truc k dri vers  to pu l l off on the shoul der on 
t h e  down s l ope  j u s t  past  the  r o c k  c u t  and  t h u s  red uces  the  rear s i g h t  
d i stance . 
S t o p s  may a l s o  be  l o cated  i n  certa i n  areas  for econ om i c  reaso n s . 
Trucks haul i ng heavy cargoes are geared down and mov i ng at a s l ow speed at 
the top of a h i l l ,  mak i ng a stop easy to accompl i sh and fuel eff i c i ent . 
Fuel economy a l s o  i s  ach i eved during  a downh i l l  start versus an uphi l l  
s t art . A n o t h e r  r e a s o n  offered for s t o p p i n g i n c l uded wa i t i ng for other 
truckers . 
The Kentucky Department of H i g hways constructed a truck rest faci l i ty 
on KY 1 5  ( Wh i tesburg Bypas s )  i n  1983.  Str uctural des ign criter ia  normal ly  
wou l d  h ave been estab l i s hed by frequency of  u s e .  However ,  there were no  
est imates of  the  frequency that truckers wou l d  use  the  fac i l i ty .  Therefore , 
a pavement design  equ ival ent to the mai n l ine  des ign  was sel ected for the 
i n i t i a l  truck rest des ign .  The structural des ign  consi sted of 7 -1 /2 inches 
of aspha l t i c  concrete on 11  i n ches of dense-graded aggregate .  
The truck rest was constructed at  the  crest of  a h i l l  i n  mountai nous  
eastern Kentucky .  Th e ent i re fac i l i ty was  con structed outs ide and not as 
part of the norma 1 shoulder.  The faci l i ty was desi gned to accommodate two 
to three truc k s  i n  one storage l an e .  Dece l erat i on and accel erat i on lanes 
were prov i ded . S ign ing  of the truck rest was i n  accordance with the Manual 
on  Un i form Traffic  C o ntrol Dev i ces (MUTC D ) . A typi cal truck rest design i s  
shown i n  F i gure 22 .  
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SIGN A 
PERFORMANCE OF SHOULDERS 
PORTLAND CEMENT CONCRETE SHOULDERS 
V i sual  surveys of experimental port land cement concrete shoul ders were 
cond ucted period i c a l l y  s i nce 197 6, Unt i l  recent l y ,  the extent of d i s tress 
was nom i nal . The most recent survey of the exper imental concrete s houl ders 
was conducted i n  the spr in g  of 1986, The var i ous sections wen! v isually 
surveyed for common d i stresses . Approximate ly  3 , 000-foot sections were 
surveyed i n  each des ign  sect i on .  Al l sect i ons  were performing wel l  al though 
d i s c e r n i b l e  d i ffere n c e s  e x i s t e d  between  t h e  v ar i o u s  d e s i g n  s e c t i o ns . 
Resu l ts of the v i sual  crack survey are i nc l uded i n  Append i x  B.  
Al l sect i ons exh i b i ted many of the s ame forms of d i stress .  Di stresses 
wi t h i n  the 5- i n ch sect ions  were more pronoun ced than i n  the 6- i nch sections 
and d i stresses wi th i n  the 6- i nch sec t i on s  were more pronounced than in  the 
? - i nch  sect i ons . The most  common forms of d i stress observed were hai r l i n e  
crac k i n g ,  r umble  strips  f i l l ed with debr i s ,  protrud i n g  mesh , and freeze­
thaw damage to the concrete. The experimental neoprene seal s were i n  fai r 
cond i t i on overal l .  
Ha i r l i ne crack i ng ,  both l ongitudi n a l l y  and transversely , appeared 
frequently.  Long i tud i nal  crack i ng extended across transverse j o i nts  and 
rumbl e  strips  ( see F i g ures 23 and 24 ) . Many transverse cracks devel oped at 
mid- s l ab l ocati ons of the mai n l i ne  pavement where transverse j o i nts  were 
prov i ded for on the shoul der ( see F i g ure 25), A fai l ure of the neoprene 
seal al so may be noted i n  F i g ure 25 .  The most l i kely cause of th is  fa i l ure 
of the seal was intrusion  of i ncompres s i b l e  f i nes from the s ide of the 
j o i n t .  F i n e  mater ia l  co l l ects at the shoul der pavement and s l ope i nterface 
and i n f i l trates i nto the saw cut.  Eventual l y ,  the seal i s  forced from the 
j o i n t .  
Some debr i s  h ad c o l l e c t ed i n  t h e  t r o u g h s  of v i rt u a l l y  a l l  rumb l e  
s t r i p s  ( F i g u r e s  2 6  and  27 ) .  Many rumb l e  s t r i p s  exh i b i ted h a i r l i n e  
t ra n s v e r s e  crac k i n g .  Howe v er , t h e s e  c r a c k s  s e l d om extended  a c r o s s  th e  
l ongi tudinal  j o i nt i nto the mai n l i ne  pavement.  
Th ere were i nstances where the w i re mesh rei nforc ing  steel was p l aced 
too c l ose to the surface.  F i g ure 28 shows a smal l p i ece of the wire mesh 
p r o t r u d i n g  t h r o u g h  t h e  c o n c r e t e  s u r f a c e . F i g u r e s  2 9  a n d  30 s h ow 
unmi stakab l e  ev i dence of freeze-thaw damage to the concrete shoul der . 
Spa l l i n g  and D-crac k i n g  were observed as shown i n  F i gure 3 1 .  
Other forms o f  d i stress or defi c i en c i e s  noted on  the v i sual  s urvey 
d a t a  s h eets  i n c l ud e d  a s h o u l d e r  edge  d r o p  off  of 4 to 6 i n ches  i n  on e  
l ocat i on and transverse sea 1 s where hot-po ured sea  1 ant had been repl aced 
l argely with f i n e  materi al ( s ee F i gure 3 2 ) . 
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BITUMINOUS SHOULOERS ANO TRUCK REST 
Th i rty-two hundred foot s ecti ons of b i tum i nous concrete were used i n  
both the northbound and southbound shoul ders of US 31W • The th ic knesses of 
those s ec t i ons were 2 i nches as phal t i c  concrete and 1 1  i nches of dens e­
g raded a g g r e g at e .  The  v i s u a l  s u r v ey e n c om p assed t h e  e n t i re c o n tr o l  
s ect i on .  Res u l ts of the mos t recent v is ual  c rack  s urvey are contai ned i n  
Append i x  C. The b i t um i nous shoul ders were bad ly deter i orated. The shoul ders 
exh i b i ted v aryi n g  degrees of sever i ty of a l l i gator c rac k i ng (see Fi gures 33 
and 3 4) .  T her e wer e  num erous f a ilur es at t h e  edge of the s houl der { see  
F i g ure 3 5 ) .  The shoul der had s ettled near the pavement-s houl der j oi nt (see 
F i g ure 36 ) . This d istress was more prev a l ent in the northbound di rection . 
There  were  o n l y  two i ns t a n c es where  t h e  bas e  h ad a c t u a l l y  fai l ed .  Th e  
as phal t i c  concrete showed s i gns of  pus h i ng and shov i n g  i n  those areas . 
Water was observed migrat i ng through the as ph al t s hou l der i n  two s outhbound 
l ocat i o ns .  
The mos t recent v is ual s urvey (wi nter of 1 986 ) of I 27 5 covered both 
n o r t h b o u n d a n d  s o u t h b o u n d  d i r e c t i o ns b e t w e e n  t h e  K Y  1 7  a n d  KY 1 6  
i nterchanges .  Res u l ts of the visual  crack survey are contai ned i n  Appen d i x  
D .  The mos t common distress es obs erved were s eparat i on of the b i t umi nous 
s houl der from the mai n l i n e  portl and c ement concrete pavement and s ett l ement 
of the s ho u l der near the mai n l i ne pavement edge .  The cond i t i on of as pha l t i c  
concrete at the l on g i tudinal  j o i nt between the mai n l i ne pavement v ar i ed 
from fa i r  to very poor (see F igures 37 and 38), I t  cou ld  not be determi ned 
whether the shoul der had sett l ed or whether i t  had been compressed u nder 
the l oad ing  of encroach i ng veh i c l es (see F i gures 39 and 40) . 
Sympathet i c  transvers e  crack ing  of the b i tumi nous shou lder was also 
ev i dent (see F igure 41 ) .  Sympathet i c  crac k i ng is caus ed by the movement of 
the port l and cement concrete pavement at the jo ints .  The expans i on and 
c o n t r a c t i on of t h e  s l a bs i nd u c es a t ra ns vers e  c r a c k  i n  the  b i t um i n o us 
shoul der . J o i nt s pac ing  of the mai n l i ne portl and cement con crete pavement 
was 50 f e e t .  There was one  5 0- foot s e c t i o n  s h ow i n g the  f i rs t  s i g ns o f  
i m pe nd i n g  b as e  fa i l u re  (s ee F i g u re 42 ) .  There  were v is u a l  s i g ns t h a t  
truc kers had dropped their  l oad o n  the shoul der a t  s everal l ocations .  Thes e 
were ev i den ced by tra i l er- j ac k  foot p r i n ts on the shoul der (s ee Fi gure 43 ) .  
A truck  rest  was constructed as part of the Wh i tesb urg Bypass i n  1983 . 
Tr ucks were estimated as be ing 8 percent of the total t raff i c  at the t ime 
of the o r ig i na l  des ig n .  There were no cos t  es t imates ava i l ab l e  re l at i ve to 
c o ns t r u c t i on of the t r u c k  res t .  Th e t r u c k  res t  h as performed wel l .  A 
typ i cal  s ec t i on is dep i cted i n  F i gure 44.  
Th e truck pul l off was mos t  recent l y  visual ly  surveyed for s i gns of  
d istress during  the  wi nter of  1986.  The mos t obs ervab l e  d istress was p u l l 
cracks produced by the ro l l er dur i ng compact i on of the bas e  mater ia l  (see 
F i g ure 4 5 ) . The truck pu l l off d i d  not have a f i na l  wear i n g  s urface.  Th e 
c urb of the  mountabl e med i an was nearly 2 i nches above the s ands tone bas e 
mater i a l  (s ee Figure 46) . There were no major distress es obs erved at the 
truc k pu l l off even though the weari ng c ourse had not been pl aced. 
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STRUCTURAL DESIGN OF SHOULDERS 
The pr imary funct ion  of h i g hway shoul ders has long been associated 
wi th s afety by prov i d i n g  motor i sts a l ocat i on for emergency stopp i ng and 
storage of di sab l ed veh i c l e s .  More recently,  the shoul der has taken on 
added s i g n i fi cance. Shoul ders have been u sed as temporary d r i v ing  l anes 
d u r i n g  peak  hou r s , i n  t i me s  of eme r g e n cy , and d u r i n g  reh a b i l i ta t i o n 
ac t ivi t i es. I t  al so has been d emonstrated that shoulders improve pav ement 
p e r f o r ma n c e  by p r o v i d i n g a d d i t i o n a l  l a t e r a l  s u p p o r t  to a s s i s t i n  
d i stri buti on of i nduced stres ses resu l t i ng from appl i ed l oad s ,  
I n  those s i tuati ons where shoul ders have s erved as travel l anes , the 
s h o u l d e r s  have f u n c t i oned  a s  l ow-vo l ume road s .  C o n v er s e l y ,  for t h o s e  
s i tuat i ons  where shou l ders have served o n l y  t o  prov ide space for emergency 
stopping and/or storage of di sab l ed veh i c l es ,  the shoul ders functi oned 
essent ial l y  as a hardstand or par k i n g  l o t .  Given these two events , the 
structura 1 design  of shoul ders may be addressed from two perspectives :  1 )  
from a fat i g u e  pers pect i v e and  2 )  from a s t at i c  l oad or h ar d s t a n d  
p e r s p e c t i v e .  L i terature  i n d i cated  t h e  d e s i g n  of s h o u l ders  f r o m  t h e  
perspective  o f  fat igue  o r  appl i cat i on o f  a spec i fi c  vol ume of veh i c l es as 
bei ng the more preval ent des ign con s i derat i on ,  Genera l l y ,  des igns have 
been based upon some port i on of the mai n l i ne  design  ESAL' s (equival ent 
a x l e l oa d s )  or some port i o n  of t h e  average  d a i l y  traf f i c  ( ADT ) for t h e  
a d j a c e n t  m a i n l i n e p a v e me n t .  G i v e n  t h e  v a r i a b i l i ty o f  v e h i c l e  
c l a s s i f i c a t i o n s  wi t h i n  a t r a ffi c s t ream , des i g n  on  t h e  bas i s  of s ome 
port i on of the des i g n  ESAL ' s  for the ma i n l i n e pavement  appears  more 
appropr i ate .  Design of a hard stand requ i res d etermi nat i on of the h ighest 
l evel s of stress i nduced by a parked veh i c l e .  Pred i ct i on of these stresses 
is much more di fficul t than use of s ome por t i on of the des ign ESAL ' s  for 
the ma i n l i n e  pavement . A "des ign"  veh i c l e  must be sel ected and that may be 
d i ff icu l t .  
U s i n g a port i o n  o f  t h e  proj e c t ed a c cumu l at i o n o f  fa t i g u e for t h e  
mai n l i ne  pavement offers the add i t i onal  advantage o f  des i gn i ng the shoulder 
as a l ow-vol ume road, Th i s  permits  use  of exi st i ng design  procedures with a 
" scale  down'' on the bas i s  of a reduct ion i n  the des i gn fat i gue l evel . I t  
a l s o  a l l ows the des ig ner fl ex i b i l i ty to use  var i ous design  procedures .  
There are , however , d i sadvantages for t h i s  part i c u l ar design  concept . 
F i r s t , t h e  des i g n  ESAL ' s  m u s t  be  e i t h e r  e s t i m ated or  det erm i ned by 
experiment and observat ion  of performance.  Second,  designs  are subject to 
the same l im i tati ons assoc i ated with the spec i f i c  des ign  procedure u sed for 
design  of the mai n l i ne pavement. 
A more recent approach to the des ign  of shoul ders i nvol ves u s i ng a 
spec i f i c  mechan i st i c  approach. E l as t i c  l ayer and/or fi n i te e l ement concepts 
( 7 )  have been used for some t ime for the t h i c k ness design  of pavements . I n  
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the l i terature rev i ew, an adaptat i on of f i n i te e lement concepts to the 
structural des i gn of portl and cement concrete shoul ders was d i scussed .  One 
procedure permi tted the des i gner to cons ider such factors as encroachment 
of mov i n g  trucks , supporting capac i ty of the subgrade ,  and transfer of 
l oads from the mai n l i ne  pavement to the shou l der . Mechan i st i c  procedures 
prov ide the f lexib i l i ty to address spec i f i c  cons iderat ions  un ique to each 
design  s ec t i o n .  Perhaps the s i ng l emost d i s advantage of such procedures i s  
the i r  compl ex i ty and the need for more than a casual understand i ng of l ayer 
......... e ,. l. ast i c or f i n i te e l ement pri n c i p l e s .  As a res u l t , the _ _  use  of mechan i s t i c  
proced ures for shoul der des ign  has been somewhat l imi ted , 
Th i c kness design  procedures for both r i g id and f l  exi  b 1 e pavements i n  
Kentuc ky have been devel oped on the bas i s  o f  e l as t i c  l ayer concepts and 
emp i r i ca l  correl at i ons with observed pavement performan ce.  G i v en th is  and 
the observati ons of shoul der and pavement performance of the exper imental  
shoul der secti ons d i scus sed prev i ou s l y ,  it  was determi ned that the more 
eff i c i en t  des ign  concept wou l d  be to use  ex i st i ng design  procedures and 
des ign  shoul ders on the bas i s  of s ome port ion of the design  ESAL ' s  for the 
mai n l i n e  pavement.  Str uctural features for these exper imental sect i ons  are 
summar i zed i n  Ta b l e  4. 
TABLE 4. STRUCTURAL FEATURES OF  EXPE RIMENTAL SHOULDER SECTIONS 
= = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =  
PORTLAND CEMENT CONCRETE SHOULDERS US 31W 
LAYER 
TH I C KNESSES 
( i nches)  
- - --------- AGE 
DESIGN ESAL ' S  
(mi l l i o n )  
PCC DGA ( year s )  
JO I NT 
SPACI NG 
( feet) REI NFORCEMENT MA INLINE SHOULDERS 
5 . 0  8 . 0  13 25 No 
5 . 0  8 . 0  13 50 Yes 
6 . 0  7 . 0  13 25 No 
6 . 0  7 . 0  13 50 Yes 
7 . 0 6 . 0  1 3  2 5  No 
7 . 0  6 . 0  13 50 Yes 
B ITUMI NOUS CONC RETE SHOULDERS 
LAYER 
TH I C KNESSES 
( i nches)  
AC  DGA 
2 . 0  
6. 0 
7 . 5  
1 1 . 0  
1 1 . 0  
1 1 . 0  
AGE 
(years )  
13 
10  
4 
DES I GN ESAL ' S  
(mi l l i o n )  
MAI NL I NE SHOULDERS 
6 , 5  
20 . 0  
3 . 0  
39 
0 . 04 
0 . 20 
3 . 00 
6 . 5  
6 . 5  
6 . 5  
6 , 5  
6 , 5  
6 . 5  
LOCATION 
US 31W 
I 27 5 
KY 1 5  
0 . 2  
0 . 2  
0 .7 
0 ,7 
1 . 8  
1 . 8  
A detai l ed s ummary of d istress surveys is presented i n  Appendices B ,  C 
and D .  General l y ,  mid-panel crac k i ng was obs erved i n  a l l  secti ons of the 
portl and cement concrete s houl ders where temperature rei nforcement was us ed 
and jo int  spaci ng was 50 feet. Simi l ar crac k i ng was typ i c a l l y  observed i n  
mai n l i n e  s ecti ons . Very l i t t l e  mid-panel c rack i ng was observed i n  non­
rei n forced secti ons having joint  spaci ngs of 25 feet . The 5 . 0- i nch t h i c k  
s ec t i ons had cons iderab ly  more deter i oration  i n  t h e  v i c i n i ty of j o i n ts than 
d i d  the other sections . The 7 . 0- i nch secti on , as expected , had the l eas t ·················· · ···························· "iS tres s .  It was further speculated that t h e  thinner secti ons m ight be 
more s us cept i b 1 e to freeze-thaw damage .  A 1 s o ,  compress i on fa i 1 ures were 
ass oc i a ted  w i t h  fa i l u re of j o i nt s ea l s  and  f i l l i n g of j o i n ts w i t h  
i n c ompress i b l es .  None of these shoulder secti ons has been removed for 
detai l ed i nspec t i on ,  a l though it is recommended as a tas k  for l ong- term 
mon i to r i ng . 
Th e as pha l t i c  concrete shoul ders on I 27 5 have exper i enced a sma l l  
am o u n t  o f  f a t i g u e  a n d  h a v e  a l s o  s h o w n  s i g ns o f  a g i n g d u e  t o  t h e  
envi ronment .  Wi th the except i on of p robl ems ass oc i ated with s eparat i on of 
the  b i t um i n ous s h o u l d er from t h e  ma i n l i n e c o n c r ete paveme n t  and  t h e  
pavement/s houl der edge drop off , the aspha l t i c  concrete shoul ders have 
performed fa ir ly  wel l dur ing the s tudy per iod.  Convers e l y ,  the as pha l t i c  
c on crete shoul ders on US 3 1 W  have fai l ed secti ons throughout . Gi ven the 
th i c k n ess es of t h e  two s e c t i o ns ,  it may be  d e d u c e d  that t h e  m i n imum 
th ickness of asphal t i c  concrete shoul d be between 2 and 6 inches .  A further 
analys is us i n g  the AASHTO s tructu ral  n umbers approach (SN = a 1D 1 + a2D2 ) 
and ass um i n g  a1 
= 0 . 44 ( for as phal t i c  concrete) and a2 
= 0 . 1 4  ( cr us hed 
s t o n e  b as e ) g i v es SN ' s  of 4 . 2  for  the  I 27 5 s h o u l d ers and  2 . 6  for  t h e  
s h oul ders o n  U S  31W.  There was cons i derably more s tructural i ntegr i ty for 
t h e  I 27 5 s e c t i o ns than  for t h e  US 3 1 W  s e c t i o ns . Th is is s u p ported by 
obs ervati ons of d is tress and performance . 
Performance of the port 1 and cement concrete shoul ders s uggests 6.  0 
i nches as the min imum thi ckness for h i g h- type pavements . F i ve- i nch secti ons 
waul d 1 i ke ly prov ide acceptab 1 e performance for 1 esser trave 1 ed routes .  
L i terature i nd i cates the m i n imum th i c kness of as pha l t i c  concrete shoul d be 
4 . 0 i n ches (9 ) , regard l ess of the th ic kness of crus hed stone. This is at 
l eas t gener a l l y  cons is tent with obs erved performances .  
G i v e n  the  p erformance  of the  exp er i m e n t a l  s h o u l ders as d es c r i bed 
p r e v i o us l y ,  res u l ts of the  l i t e r a t u r e  s e a r c h , and  rev i ew p r e v i o us l y  
d i s c uss ed , c r i t e r i a  for t h e  s e l ec t i o n  o f  s h o u l d er  d es i g n  ESAL ' s  were 
determi ned and are i l l ustrated in F i gures 47 and 48. F i gure 47 presents a 
l og- log  p l ot of shoul der des i gn ESAL 's  as a funct i on of mai n l i ne  des i g n  
ESAL ' s .  Data poi nts s hown o n  t h e  graph corres pond t o  those l is ted i n  Tab l e  
4 .  The des i gn c urve prov i des a smooth , ever- i n creas i ng function from a 100 
percent des i gn when mai n l i ne  des ig n  ESAL 's are l ess than 2 X 105 to a two 
percent des i gn when ma i n l i ne  des i gn ESAL ' s  exceed 1 X 1 08• More  
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F i g ure 47 . Shoul der Des i g n  ESAL 's as a Funct i on of Ma i n l i ne Des i g n  ESAL ' s .  
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F i gure 48. Percent of Sh oul der Des i g n  ESAL ' s  for Shoul der De s i gn 
as a Funct i on of Ma i n l ine  Des i gn ESAL ' s .  
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spec i f i c a l l y ,  for mai n l i ne des i gn ESAL ' s  l ess than or equal  to 2 X 105 , 
s h o u l d e r  des i g n  ESAL ' s  and  ma i n l i n e d e s i g n  ESAL ' s  are eq u i v a l en t ,  F or  
ma i n l i n e  des ign  ESAL ' s  greater than 2 X 105 but  l es s  than or  equal to 1 X 
1 08 , shoul der design  ESAL ' s  are determi ned by the fo l l owing equat i o n :  
Log(Y) = - 69.675 + 39.'HJ(Log(X) )  - 7.8298(Log(X) )2 + 0.66516(Log(X))3 - 0,020347(Log(X))4 (1) 
where Y = shoulder des ign ESAL ' s ,  
X = mai n l i ne des ign  ESAL ' s .  
T h e  rec ommended  m i n i m um s h o u l der des i gn ESAL ' s  for s i t u at i on s  where  
mai n l i n e  design  ESAL ' s  exceed 1 X 1 08 is  2 percent of  the mai n l i ne design  
ESAL ' s .  Th i s  i s  s u p ported by  p e rforma n c e  e v a l u a t i o n s  and  l i t erat u re .  
Al though the I 275  asphal t i c  con crete s houl ders ( 1  % design)  exh i bi ted only 
a smal l amount of fat igue ,  the des i gn was consi dered weak pr imar i ly due to 
the presence of a shoul der/pavement edge drop off of an i nch or more. 
F i gure 48 presents the s ame rel at ionsh i p  i n  s emi- l og format where the 
percent of the ma i n l i ne  des ign  ESAL ' s  for shoul der design is  presented on 
the ari t hmeti c  sca l e  and the mai n l i ne  des i gn ESAL ' s are presented on the 
l ogar i thmic  s ca l e .  The curves presented in  Fi gures 47 and 48 i n d i cate 
shoul der t h i c kness wi l l  approach the th i ckness of the ma i n l i ne pavement as 
the mai n l i ne design  ESAL ' s  decreas e .  
Tab l e  5 presents the rel ati onsh i p  g iv en i n  Equation (1) i n  tabu l ar 
form.  T h e  proposed  c r i t er i a  for s h o u l der  d e s i g n may be  u t i l i z ed i n  
combi nation  with any pavement t h i c kness des ign  system where i n  equ i v a l ent 
axl e l oads (ESAL ' s ) are a bas i c  factor,  Appl i cations  of these criteria  with 
the Kentu c ky pavement thi ckness des i g n  procedure (8 , 13) are summari zed i n  
Tab l e  6 .  
SUMMARY , CONCLUSIONS AND RECOMMENDATI ONS 
The shoul der has become an i ntegral component of t he pavement system .  
Safety aspects have received more attent i on ,  g enera l l y ,  than s tructura 1 
des i gn aspects . L i terature as wel l as performance observat ions  support the 
contention  that shoul ders do improve pavement performance by prov i d i n g  
1 atera 1 support for pavement secti ons , thereby red ucing  c r i t  i c a  1 stresses 
and stra i n s  at pavement edges.  Add i t i o na l l y ,  shoul ders prov ide pos i t i v e  
drai nage of surface water from t h e  pavement and improves safety and al so 
may red uce the rate of mo i s ture i n f i l trati on i nto the foundat i on mater i a l . 
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TABLE 5 .  SHOULDER DESIGN ESAL ' s  AS A FUNCTI ON 
OF MAINLINE DESIGN ESAL ' s  
==================================================================== 
MAINLINE  DESIGN 
ESAL ' S  X 106 
2DD 
0 . 300 
0 . 400 
o .  500 
0 . 600 
0 . 700 
0 . 800 
0 . 900 
1 . 000 
2. 000 
3 . 000 
4 . 000 
5 . 000 
6 . 000 
7 . 000 
8. 000 
9. 000 
10 . 000 
20. 000 
3 0 . 000 
40. 000 
50 . 000 
60. 000 
70. 000 
80. 000 
90. 000 
100. 000 
SHOULDER DESIGN 
ESAL ' S  X 106 
0.200 
0 , 279 
0 . 336 
0 . 378 
o .  411 
0 , 438 
0 . 459 
0 . 477 
o .  493 
0 , 576 
0 . 615 
0 , 642 
0 . 665 
0, 685 
0 . 704 
o. 722 
0 . 739 
o. 756 
0 . 918 
1. 074 
1 . 229 
1 . 384 
1 . 540 
1 . 698 
1 . 859 
2. 021 
2. 186 
PORTION OF MAI NLINE  ESAL ' S  
FOR SHOULDER DES IGN ( % )  
99.96 
92. 99 
83.93 
75. 65 
68. 55 
62. 52 
57. 40 
5 3 . 03 
49 . 25 
28. 78 
20. 50 
16 .06 
13 .30 
11. 42 
1 o. 06 
9 . 02 
8 . 22 
7 . 56 
4 . 59 
3 . 58 
3 . 07 
2. 77 
2. 57 
2.43 
2 .32 
2.25 
2.19 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - - - - - - - - - - - - � - - - - - - - - - -
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TAil.E 6, Sf{)ll.I:ER THICKtiESS I:ESIG\!S UTILIZING I:Ei£LOFED CRITERION AND lHE KENTLCKY M:lHOD 
= =--=====--===== == --===--======== ======= ===== 
MAINLINE DESigN 
ESJ.ll 'S  10 
------------ - -
THICKNESS (INCHES) 
---------------�--
CBR MAINLINE SHOULDER 
106 
--------------
THICKNESS (INCHES) 
------------- -
MI\INLINE SHOULDER 
5 X 106 107 
------------------ �-----------------
THICKNESS (INCHES) THICKNESS (INCHES) 
_ _ _ _ _ _  .,. ____ ......... ---------
MAINLINE SHOULDER MI\INLINE SHOUlDER 
-----------------------------------------------------------------------------------------
33 · PERCENT ASfH!ll TIC CDNCRETE* 
3 6.00 6.00 7.75 7.25 9.25 7 . 50 10.00 7.50 
5 5.25 5.25 7 .oo 6.25 8.25 6.50 9,00 6.75 
7 4.50 4.50 6.25 5.75 7 .50 6.00 8.25 6.00 
9 4.25 4.25 5.75 5.25 7.00 5.50 7.75 5.50 
11 4.00 4.00 5.50 5.00 6.75 5.00 7.25 5,25 
----------------- ----------------------------�-----------------�-------------------------
Fll.L-DEf'!H ASF+IALTIC C(]I!CRffi 
3 8.00 8.00 11.25 10.25 14.00 10. 50 15.25 10.75 
5 7.25 7.25 10.25 9.25 13.00 9.50 14.25 
7 6.50 6.50 9.50 8.50 12.00 9.00 13.50 
9 6.00 6.00 9.00 8.00 11.50 8.50 12.75 
11 5.75 5.75 8.50 7,50 11.00 8.00 12.25 
PORTLAND CEMENT CONCRETE 
3 5,00** 5.00** 7.00 6,00 9.00 6.25 10.50 
5 5.00** 5.00** 6.50 5,75 8.50 6.00 10.00 
7 5.00** 5,00** 6.00 5.50 8.00 5.75 9.00 
9 5.00** 5.00** 5.50 5.25 7.50 5.50 8,50 
11 5,00** 5,00** 5.50 5.00** 7 .50 5.25 8.50 
* Thickness of dense-graded aggregate is 2 ttnes thickness of asphaltic concrete 
** Recomm:nded minimun thickness of PCC pavement 
9.75 
9.00 
8. 50 
8.00 
6.50 
6.00 
5.75 
5.50 
5.25 
A major  prob l em of s h o u l der  mai n te n a n c e  i s  t h e  j o i n t between  t h e  
shoul der and the ma i n l i ne  pavement.  For portl and cement concrete pavements , 
t i ed port 1 and cement concrete s houl ders are recommended . Ti ed port l and 
cement  c o n c r e t e  s h o u l ders  s i g n i f i c a n t l y  r e d u c e  d e v e l o pment of an  o p e n  
l o n g i t u d i n a l  j o i n t between  t h e  m a i n l i n e and  s h o u l der and  m i n i m i z e s  
dev e l o pment of pavement edge drop off that i s  common with other shoul der 
ty pes , T i ed por t l and cement c o n c r e t e  s h o u l ders  appear  to demo n s t rate  
i ncreased serv ice  l i fe without the  need for any spec i a l  mai ntenance.  For 
asphal t i c  con crete pavements , asphal t i c  concrete shoul ders over the ent i re 
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wi dth of the shoul der area are recommended, Ag ai n ,  t h i s  appears to m i n i m i ze 
deve lopment of edge drop off and deve l o pment of an open l ongi tud i nal  j o i n t  
between t h e  mai n l i ne and shoul der . 
For l ower c l asses of h i g hways , shoul der types have h i stor i c a l l y  ranged 
from sod to compacted ful l -depth aggregate to compacted aggregate with a 
b i t um i n o u s  s e a l , depe n d i n g  u pon  t h e  traff i c  v o l umes an t i c i p at e d .  
Mai ntenance act i v i t i es on sod or turf shoul ders typ i cal ly cons i s t  of mowi ng 
and  b l ad i n g .  Compa cted  g r a n u l a r s h o u l d e r s  g e n e r a l l y requ i r e mowi n g ,  
blad in g ,  and adding aggregate to mai ntain  proper elevation .  Sea l - coated 
s h o u l d e r s  are d i ff i c u l t to ma i n t a i n  and  r e q u i re frequent  r e s ea l i n g .  
Gran u l ar shoul ders stabi l i zed with aspha l t  hot p l ant mix  cost approx imately 
f i fty percent more than the convent i onal  seal- coated shoul ders but are more 
eas i l y  mai ntai ned and are often mai n tenance free during  the early stages of 
the i r  service l i fe .  Ma i ntenance con s i sts of s eal i n g  the l ong itud i nal  j o i nt 
between the mai n l i ne  and shoul der and spot seal i n g  and patch ing  of rave l ed 
and map cracked areas . 
When cons i dering  the s ev eral  types of shoul der mater i a l , the bas i c  
defi n i t i o n  of the func t i on of a h i g hway shoul der shoul d not be over l ooked; 
that i s ,  the shoul der mus t  be suff i c i ently stab l e  to support occas ional  or 
per i od i c  l oads in a l l types of weather without catastroph i c  fai l ure.  I n  
v i ew o f  t h i s  func t i on and past exper i ences o f  shoul der performance ,  i t  i s  
recommended that the shoul der materia l  type b e  con s i stent with the mai n l i ne 
pavement mater i a l  type, 
Performance was used as a bas i s  for devel opment of emp i r i cal cr iter i a  
that permit  the use o f  ex i st i ng pavement th i ckness des ign procedures for 
the structural design  of shoul ders , con s i der i ng shoul ders as " l ow-vol ume" 
roads ,  Mi n imum th icknesses were determi ned on the bas i s  of performance and 
rev i ew of l i terature . A mi nimum th ic kness  of 5 i nches for t ied portl and 
c ement  con crete  s h o u l ders  i s  recommen d ed for u s e  w i t h  por t l and  c eme n t  
concrete pavement s .  Th e m i n imum th i ckness of asphal t i c  concrete shoul ders 
is recommended as 4 i nches or 33 percent of the total shoul der th i c kness  
requi red when based upon the Kentuc ky design  method w ith traffi c  i nput from 
F i g ure  47.  The criter i on , wh i l e  recommended for impl ementat ion , al so shou ld  
be moni tored over the  l ong term to perm i t  refi nement and mod i fi cat i on with  
experi ence.  
Tru c k  r e s t s , c l i m b i n g l an e s , and paved  s h ou l d e r s  are a l l v i t a l  
e l ements o f  a compl ete trans portation faci l i ty .  The add i t i on o f  truck rest 
areas may s erve to compl iment the others .  Use  of truck rests may reduce 
present shoul der th i c kness requi rements i n  those areas where truck rests 
are prov ided.  Co ns i derat i on shoul d be g i ven to the use of i ntermi ttent 
t r u c k  r e s t s  p l a c ed at favorab l e  l o c at i ons , I mp l ementat i on w i t h  new 
c o n s t r u c t i on c ou l d  be a c h i e v ed at  r e l at i v e l y  n om i n a l  add i t i o n a l  c os t .  
Retrofi t t i n g  ex i st i n g  fac i l i t ies may be d i ff i c u l t  due to the l imi ted space 
avai l ab l e  i n  rock cuts .  Reduced th i c kness and mai ntenance requ i red for 
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shoul ders may provide an o vera l l  economic  benef i t .  Wi th adequate s i g n i ng 
and encouragement by enforcement offi c i al s ,  i ntended use of truck rests may 
be expected. 
Another phase of t h i s  study i nvol ved an i nvesti gat i on of vari ous j o i n t  
sea 1 i n g  sy stems for r i g i d  pavements.  Performance i n formati on presented i n  
Append i x  B i nd i cates superior performance of neoprene compres s i on sea l s  
re lative  t o  hot- poured asphal t rubber seal s .  Neoprene seal s have prov ided 
sat i sfactory s erv ice for a per i od of 13 years with  only  l oca l i zed fai l ures . 
Hot-poured asphal t  rubber sea l s  are badly deteriorated and  are mtss i ng in 
many l o c at i on s .  Per forman c e  of s i l i c o n e  s ea l s  for r i g i d  p a v ements  i s  
addressed e l sewhere ( 1 0 ) . That report i nd i cates that the serv i c e  l i fe of 
s i l i cone s ea l s  i s  on the order of 10 to 1 5  years . At t h i s  t ime,  t here i s  
not s uff i c i ent performance i n formation t o  d i fferent i ate between neoprene 
and s i l i cone seal s .  Re cent cost data i nd i cate s i l i cone seal s were b i d  on 
the order of $ 1 . 1 0 per l i neal foot for l ongi tudi nal  seal s and $ 2 . 40 per 
foot for transverse seal s .  Unfortunately , recent costs for neoprene s ea l s 
have been b id  as i nc idental to pavement constructi o n .  As such , d i rect cost 
compari sons  are not av a i l ab l e .  
O t h e r  reports  ( 1 1 ,  1 2 )  s umma r i z e  t h e  pe rforman c e  of a s u b s u rf a c e  
drai nage b l a n ket and the var i ati ons i n  pavement performance with chang i ng 
g radat i ons  of aggregate bas es .  Pavement s ect i ons  hav ing  a coarse-graded 
aggregate subsurface drai nage sy stem have performed wel l ( 1 1 ) .  Subsequent 
i n spect i ons  s upport those observat i ons . In genera l ,  there was v ery l i t t l e  
change i n  pavement performance with mi nor var i at i ons  i n  gradat ions  i n  the 
crushed- stone base ( 1 2 ) . Add i t i onal  i nv est igat i on i s  requi red to s tudy the 
extent of variati ons permi tted without s i gn i f i cant changes in  performance. 
Te st i ng of mater ia l  properties for various pavement l ayers was not 
addres sed i n  th i s  study . I nstead , they are being addressed i n  Research 
Study KYHPR 86-1 15, "Laboratory and F i e l d  Eval uations and Corre l at i o ns of 
Propert i es of Pavement Componen ts " .  Th i s  study , however , has contr ibuted to 
a b e t t e r  u n d e r s t a nd i n g of l o n g - term p a vement  per forman c e .  Benef i t s  o f  
s h o u l d e r s  h a v e  b e e n  demo n strated . The  effe c t i v e n e s s  o f  a s u b s u r fa c e  
drai nage system h as been demonstrated . 
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APPENDIX  A 
ANNOTATED B I BLIOGRAPHY 
"CONCRETE SHOULDERS FOR SAFE, MODERN HIGHWAYS" 
Port l and Cement Assoc iat ion ,  1970  
To meet the  demand for i ncreased traffic  vol umes , we ights , and s peed s ,  
des ign  for paved shoul ders shoul d i n c l ude :  
1 .  A means  for a l e rt i n g  a d rowsy dr i v e r  t h at h e  i s  s t r ay i n g  o f f  
traffic  l ane ( r umb l e  stri p s ) ; and ,  
2 .  An appearance that i nv ites u se i n  emergencies when travel i ng at 
h igh speed • ................ . . . . . . . . . . ..................................... ..... . . ..... 
Sh oul ders a l so shou l d  meet the fol l owing  requ i rements : 
1 .  Ma i ntain  stab i l i ty i n  al l types of weather ; 
2 .  Prevent d i fferentia l  heave o r  sett l ement so as t o  mai ntai n same 
e l ev ation as adj acent traffi c  l anes ; 
3 .  P o s s e s s  t h e  a b i l i ty to  carry a x l e l oa d s  perm i tted on  t r af f i c  
l anes , though fewer i n  number ; 
4.  Prov i s i o n  for  free c r o s s - d r a i n a g e  o f  s u rface  water betwe e n  
d r i v i ng l anes and d itch  with mi n imal l eakage i nto subgrade;  
5 ,  Have a serv i ce l i fe consi stent w ith that of the  traffi c  pavement ; 
and,  
6 ,  Prov ide i ntended serv i ce a t  l ow annual cos t .  
Experimental work by the I l l i no i s  D i v i s i on o f  H i ghways i n vol ved many 
d i fferent shoul der des i g n s .  Th e performance of concrete shoul ders meet a l l  
the requ i rements for eff i c i en t  paved shou lders . 
A study i n  So uth Dakota revea l ed that motor v eh i c l es stopped on the 
s h o u l der o n c e  for each 1 , 800 v eh i c l e-mi l es o f  t r a ve l ;  t r u c k s  or b u s e s  
stopped about every 800 mi l e s .  
T h e  Ca l i forn i a  Di v i s i on o f  H i ghways Pl ann i ng Manual o n  the St r uctural 
Des i g n  of the Roadbed spec i f i e s  that a shoul der design  should be based on 
one percent of the equ i val ent wheel - l oad repet i t i on s  used in des ign  for t he 
adjacent mai n  travel l ane.  A 6 - i nch th i ckness of p l a i n  pavement wo u l d  be 
adequ ate for n ormal shoul der use .  To i ncrease  the l oad carrying  capac i ty 
of the shoul der , a cement- stabi l i zed subbase i s  used.  
F i e l d  r e s e a r c h  in  I l l i n o i s  i n d i c ated i t  was advantageous  to  t i e  
shoul ders to the mai n l i ne pavement to prevent separation.  Al so ,  the j o i n t  
shou l d  m i n im i ze water i n f i l trat i o n .  El iminat i ng t h i s  i nf i l trat i on i nto 
the l ong i tudi nal j o i n t ,  mi grat i on of subbase material  and pos s i b l e  fau l t i ng 
of j o i n ts i s  m i n imi zed. 
T o  p r o v i d e f o r  s a f e ty d u r i n g  t i m e s  o f  p o o r  v i s i b i l i t y ,  e d g e  
del i neat i on that combi nes paint  str ip ing  with rumb l e  strips shoul d be 
prov i ded . By pai nt ing  a str ipe on the shou l der next to the traffi c l ane , 
the corrugati ons of the rumb l e  stri p  wi l l  refl ect the head l ight beams . 
Corrug ated rumble  str i ps serve two purposes . When p l aced at i nterval s ,  an 
aud i o- v i bratory di sturbance i s  produced that a l erts dr i vers when they stray 
from traff i c  l anes . A l s o ,  they are an effective  means of d i scourag i n g  
traff i c  from u s i ng the shoul der u n l ess needed for emergency use .  
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"STATE-OF-THE-ART REVIEW OF PAVED SHOULDERS" 
J .  M. Port igo ,  Record 594,  Trans portat ion  Research Board , 1976  
As of 1973 , only Ca l i forn i a  and Iowa had a design  l oad criter i on 
for p aved s h o u l d e r s .  C a l i for n i a ' s D e p a r tment  of Tra n s port at i on b a s e s  
s ho u l d e r  des i g n s  on  o n e  p e r c e n t  of t h e  equ i v a l en t  wheel  l oa d s  i n  t h e  
adjacent l ane  with n o  traffic  i ndex l ess than 5 . 0 .  Iowa , o n  the other 
hand , designs  shoul ders on the assumpti on the paved s tr i p  mu st carry the 
heav i est wheel l oad . 
St ates that pave fu l l  w i d th have their  shoul ders bu i l t  to 100 percent 
the structural . . .  strength of the ma i n  l.i ne  .. pav ements . 
"LOAD-SUPPORTING CAPABILITY OF LOW-VOLUME ROADS" 
R .  G .  Ah l v i n  and G .  M .  Hamm i t t I I ,  Spec i a l  Report 1 6 0 ,  Tra n s portat i o n  
Research Board , 1975 
Veh i c l es typ i cal ly  do not track in  the exact same wheel path s ;  thu s ,  
n o t  a l l p a s s es o f  veh i c l es a p p l y  a f u l l y effect i v e  s t r e s s  repet i t i on .  
Here , the concept of coverages of a l ane by wheel passes i s  used to  treat 
t h i s  factor . It i s  genera l ly suff i c i ent to equate 2 2 / 3  axl e passes to the 
production of one coverage .  
Two f igures i n  th i s  art i c l e  prov ide a procedure t o  est imate equ ival ent 
1 8 - k i p  s i ng l e ax l e l oads .  
"STRUCTURAL ANALYSIS AND DESIGN OF PCC SHOULDERS" 
J .  S .  S awa n , M. I .  Darter , and  B .  J .  Demp s ey , F HWA/ RD - 8 1 1 1 2 2 ,  F e d e r a l  
H i ghway Admi n i strat ion , Apr i l  1 982 
SLAB TH I CKNESS AND TAPERING 
Tw o l o a d  p o s i t i o n s  m u s t  b e  c o n s i d e r e d t o  d e t e r m i n e  r e q u i r e d  
t h i c knesses :  ( 1 )  the i n s ide edge near the l ane/shoul der l ongitud i nal  j o i n t  
and ( 2 )  the outs ide free edge .  The outer free edge may control design  
thickness  when a l ane/shoulder tie  is  prov i ded . A m i n imum thic kness  of 6 
i n ches i s  recommended. Th i c ker shoul ders may be requi red depen d i ng on 
truck traff i c ,  the l evel  of struct ural support for the edge of the traff i c  
l ane des i red , foundat ion  support , l oad transfer a t  j o i nts , and s houl der 
width.  C r i t i cal stresses occ urri ng from par ked t rucks on the shoul der make 
the use  of un i form- equ i v a l ent thi cknes s  more favorab l e .  
SHOULDER WI DTH 
Ti ed shoul der width shoul d be at l east 3 to 5 feet to prov ide maximum 
structural benefits . A narrower shoul der cou l d  be used,  but requ i res a 
thi cker PCC shoul der s l ab .  
LANE/ SHOULDER TIE  
The  prov i s i on of a t i e  system extends  the  e n d u r a n c e  o f  aggregate  
i nter l oc k  and keyed jo int  under repeated l oads .  I ncreas i ng the n umber of 
t i e  bars  p r o v i d e s  greater  l o ad t r a n s f e r  re l i ab i l i ty and m i n i m i ze s  
separat i o n ,  
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FOUNDATION SUPPORT 
The  PCC  s h o u l d er may be  p l a c e d  d i re c t l y  on t h e  s ub grade  s o i l , a 
gran u l ar subbase , or a stab i l i zed subbase. F i e l d  stud i es i n d i cate that a 
g r a n u l a r s u b b a s e  s h o u l d  b e  u s e d .  H o we v e r , d r a i n a g e  c o n t i n u i t y 
cons i derat i ons  and the effect of moi sture on the types of mater i al s used 
shou l d  be cons i dered when sel ecting  the subbase.  
SLAB LENGTH 
A maximum slab .. length of . 15 .. feet is .. recommended. Sh art . . .  slab J engths 
e l i m i nate the need for steel  re inforcement. 
EFFECT OF SHOULDER ON TRAFFIC  LANE 
The effect the shoul der has on stress and defl ect i on of the traffi c  
l ane i s  through l oad transfer at the l ongi tudinal  jo i nts and by mi n i mi zi ng 
edge pumping  potent i a l . To improve the performance of the traff i c  l ane , 
the opt imum des i gn of a shoul der should  prov ide a maximum l oad transfer 
acros s the l on g i tudinal  j o i n t  with a th i c kness greater than or eq ual to 6 
i nches , width greater than 3 feet , and foundat i on support approx imately 
equal  to 200 pc i .  
"DESIGN GUIDE FOR BITUMI NOUS CONCRETE PAVEMENT STRUCTURES" 
J .  H .  H a v e n s ,  R .  C .  Deen , and  H .  F .  S o u t h g a t e ,  U KTRP-81 - 1 7 ,  K e n t u c ky 
Transportat i on Research Program, August 1 98 1  
D e s i gn o f  s h o u l der p a v eme n t s  f o r  nomi n a l  traff i c  wou l d  permi t 
ma i n t e n a n c e  of t r a f f i c  d u r i n g  l a ne  c l o s u re s  d u e  t o  wrec k s  or pavement  
repa i r s .  Nei ther the  des ign  charts nor the EAL parameters are d i s cretely 
app l i c ab l e  to  the s t r u c t u r a l  d es i gn of s h o u l der  pav emen t s . Sh o u l d er 
pavements , i n  one sense ,  are analogous to hardstands ; i n  another sense , 
they might be compared to l ow- c l as s  road s .  Des igns  for 7 . 8  x 103 EAL " s 
( equ i v a l ent to 1 . 07 1 8- k i p  ax l es per day or 7 , 800 repet i t i ons  i n  2 0  year s )  
may resu l t  in  " overdes i g n . "  On  the  other han d ,  if  i t  were necessary to  
d i vert traff i c  onto the  shoul der to do  mai ntenance on  the  mai n l i ne ,  the  20-
year quota of repet i ti on s  might be acc umul ated i n  a few days . For th i s  
r e a s o n , t h i c k n es s  des i g n  of the  s h o u l d e r  s h ou l d  i n c l ude s ome r e s e r v e  
capabi l i t i es .  However , i n  the absei[lce of more defi n i t ive  c r i ter i a ,  i t  i s  
s uggested that designs  for 3 . 1  x 1 0  ESAL ' s be used for g u i dance. Further 
reduc t i ons  in thi ckness may be j u s t i f i ed on the bas i s  that shoul ders are 
repa i rabl e .  Des ign pract i ces i nvo l v i ng "dayl ight i n g "  base courses to the 
embankment s l opes , i ns i de and outs i d e ,  are over r i d i n g  cons iderations .  
" C U RRENT PRACTICES  IN  S H O ULDER D E S I GN , CONSTRUCT I ON , MAI NTENANCE AND 
OPERATION" 
H i ghway Research C i rcul ar No. 1 42 ,  Transportat i on Re search Bo ard ,  Apr i l  
1973 
To d e t e rm i n e c u r r e n t  p r a c t i c e s  i n  s h o u l d e r  d es i g n ,  a s u r vey was 
cond u cted . Ques t i ons  were sel ected to obta i n  compara ble  data on s ho u l der 
d e s i g n  c h a r a c t e r i s t i c s  re l at i n g  to  warrants  and g u i d e l i n e s , n a t u r a l  
contrast , u s e  o f  edge l i nes , shoul der w i dths , and str uctural qual i ty o f  
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shoul ders as compared with t hat of the mai n l anes.  Re sults  i nd i cated a 
genera l agreement on the bas i c  need for good shoul ders . Th i rteen percent 
of the 47 respondents i n d i c ated they did not have any des i g n  criter i a .  
A l s o ,  four states permi tted s l ower traff i c  t o  use the shoul der area to 
fac i l i tate a pass i n g  maneuver.  Al l respondents endorsed the use of edge 
l i n e s . S e v e n ty - s even  percent  of t h e  r e s po n d e n t s  endorsed  n a t u r a l  
contras t i n g .  There was n o  agreement o n  the des i rable  widths o f  shoul der s .  
Thu s ,  i t  i s  apparent that a standard i zat i on o f  shoul der design  process i s  
i n  order . 
Th e bas i c  functi ons of a h i g hway shoul der are ( a) del i neat ion , ( b )  
drainage,  { c )  s tructural s upport , and ( d }  emergency and saf ety u s es .  
Del i neat i on i s  requ i red so dr i vers may eas i ly d i s cern their  proper paths i n  
the travel l ane.  The shoul ders , whether surfaced or not , must i nsure that 
water w i l l  d r a i n  rap i d l y  from t h e  p av emen t .  The s h o u l d e r  s t r i p ,  i f  
properly designed,  furn i shes structural support to the pavement base and 
surface courses by serv i ng as a buttress a l ong i ts edge .  Th e emergency-use 
f u n c t i o n of a s h o u l der i s  t h e  one most common l y  c i ted . To s e r v e  t h i s  
purpo s e ,  the shoul der shou l d  be o f  adequate wi dth and capable  o f  support i ng 
the veh i c l e  ( i nc l ud i ng l arge truck s ) . 
Geometr i c  deta i l s  of sh oul der design  i n c l ud e  the width , cross s l ope , 
cont i n u i ty of the shoul der , and de l i neat ion  and contrast of the shou l der 
from the mai n l i n e .  Recommendations  for wi dth i nc l ude ( a) 10  to 12 feet of 
surfaced r i ght shoul ders for h i g h-type fac i l i t i es (where the des i red cannot 
be obtained ,  a wi dth of at l east 8 feet appears to be needed) and ( b )  on 
h i ghways carry i ng l ow vol umes and/ or l ower- speed traff i c ,  4 feet is mi n imum 
and the des i r ed wi dth is 6 to 8 feet.  Widths of the l eft shoul der vary , 
accord i n g  to the c l ass of h i g hway , from 2 to 1 0  feet . 
Re commendat i ons  for cross s l opes on shoul ders were 
a) Hard surfaced 
b) Gravel or crushed s tone 
c )  Turf 
0 . 03 to 0. 05  foot/ foot 
0 . 04 to 0 . 06 foot/ foot 
0 . 08 foot/ foot 
It a l so is recommended t hat shoul ders be conti nuous ; th i s  p r i n c i p l e  i s  
now bei n g  appl i ed widely on h i gh-type h i ghway s .  De l i neat ion  al so must be 
prov ided.  
S t u d i e s i n  I l l i n o i s  i n d i c a t e  t h at s h o u l d e r s  may be d e s i g n ed l e s s  
strong than pavements with respect t o  axl e l oad repet i t i ons , but they must 
be capab l e  of support i ng the s ame axl e wei ghts as the pavement wi thout 
s t r u c t u r a l  d ama g e .  The s t u dy s h owed t h at a 3- i n c h  t h i c k n e s s  was n o t  
s u ff i c i e n t  t o  s e r v e  w i t h o u t  ear l y  d i s t r e s s .  Th e 6- i n c h  t h i c k n e s s  o f  
portl and cement concrete appears adequate and mai ntenance requ i rements 
woul d  be m i n i mal . 
M i ssouri  rel ates type of shoul der to the ADT of the h i g hway. A s od 
shoul der wou l d  be used when traff i c  i s  be l ow 7 50 veh i c l es per day .  A ful l­
depth granu l ar shoul der ( s ea l ed dense- graded gran u l ar s urface on an  open­
g r aded  a g g r egate b a s e  w i t h  2 - foot- x - 2 - i n c h  edge s t r i p  of a s p h a l t i c  
concrete) i s  cons idered usefu l for an ADT range from 3 , 500 to 2 0 , 000. Th ese 
s h o u l d e r s ,  for ADT ' s greater  t h an 1 ,  7 0 0 ,  are  for con crete  paveme n t . 
M issouri  cons tructs fl exib le  pavement fu l l width from i n  s l ope to in  s l ope .  
For l es s  than 1 , 800 ADT , the des i gns are nearly the s ame. 
Sh oul der des ign  recommendat i ons a l so are g i ven by the Texas Hi ghway 
Department.  
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I n  s u mmary , a need h a s  been  s h own for c o n s tr u c t i on of fu l l - d e p t h  
mono l i t h i c  pavements throughout t h e  enti re width o f  the shoul der area so a s  
t o  av o i d  the  costly probl ems of l )  mai nta i n i ng a l on g i tud i nal j o i nt j u st 
outs ide the r ight- hand edge l i n e ,  2 )  e l imi nat i n g  the drop off or rai sed 
s h o u l der  at t h e  r i g h t- hand  p a v eme n t  edg e ,  and  3 )  e l i m i n at i n g s h o u l der  
structural d i stress due  to  traff i c  l oadi ngs .  
"EXPERIMENTAL PORTLAND CEMENT CONCRETE SHOULDERS : DESIGN AND CONSTRUCTION" 
J .  H .  H a v e n s  a n d  A .  R a h a l , R e p o r t  4 0 3 ,  K e n t u c ky D e p a r t m e n t  o f  
Transportation , l974 
Ken t u c ky ' s  f i r s t  p o r t l an d  cement c o n c r e t e  s h o u l der  project  was 
constr ucted in 1970.  A 3 . 4-mi l e  sect i on of US 3 1 W ,  between Radel  iff and 
Ti ptop, was schedul ed for reconstruc t i on and was chosen for impl ementat i o n .  
The mai n l i ne  concrete pavement i s  9 i nches th ick  on 4 i nch es of dense­
g raded aggregate ,  Normal des ign  of shoul ders for th is  type of proj ect 
wou l d  have been ful l - depth dense- graded aggregate dayl ighted through the 
shoul der s l ope and covered with a doub l e  i nv erted s eal extend ing  10 feet 
from the pavement edge .  
F i v e- , 6- , and 7 - i nch shoul ders , with and wi thout wire mesh , were 
thought to encompass shoul der structural requ i rements .  A tied l on g i t ud i nal  
j oi n t  was provi ded between the  mai n l i ne pavement and the  shoul der s l abs to 
prevent fau l t i ng and to perm i t  separate construct i on of the shoul der . A 
c ompan i on feature on t h i s  project was the use  of n eoprene jo int  seal s .  To 
p r e v e n t  or  d e t er u s e  of t h e  s h o u l d ers  as t r a v e l i ng l a n e s , h e av i l y  
c orrug ated rumbl e  str ips were formed i nto the shou l der concrete. 
It was thought that the structural design  of shoul ders shoul d be at 
l east equal to t hat of concrete s treets in residential  areas and withstand 
l eg a l  ax l e l oa d s  and o c c a s i o n a l  o v er l o ad s .  I n  J u ne 1 9 7 4 ,  t h e  FHWA 
r ec ommended  n o t  l es s  t h a n  6- i nc h - th i c k  s h o u l der  s l ab s , wi t h o u t  s te e l  
rei nforcement ,  o n  a stabi l i zed base course. Further study is i n d i cated 
with  regard to the exper imental s ect i on s .  
" STRUCTURAL DESIGN O F  PCC SHOULDERS" 
J .  s .  Sawan and  M .  I .  D a r t er , A n n u a l  Meet i n g ,  Tr a n s p ortat i on Re s earch  
Board , January 1979 
Because  of the l ack of a comprehens ive structural des ign  procedure , 
most PCC h i ghway shoul der designs  have been based on eng i neer i ng j udgment .  
Th i s  study devel oped and proposed a structural des i g n  procedure con s ider i n g  
most factors that affect t h e  des i g n .  Most  experimental data used i n  t h i s  
study were obta i ned from prev ious  stud i es o n  the f i e l d  performance of PCC 
shou l ders .  
Th e major  v ar i a b l e s  i n f l u e n c i n g  PCC s h o u l d e r  d e s i g n  i n c l ude  t h e  
fo l l owing : 
1 .  S l ab t h i c kness  and taper i ng of th ickness ;  
2 .  J o i nt spac i n g ;  
3 .  Foundat i on support and l o ss o f  support ; 
4 .  T ie  between shoul der and traff i c  l an e ;  
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5 .  Wi dth of shoul der s l ab ;  and , 
6.  Des i gn and cond i t i on of adjacent traff i c  l ane . 
Cons ider i ng these var i a bl es , the  fol l owing  conc l us i ons  were i nd i cated 
with respect to shoul der des ign  and performance:  
1 .  
a-. 
b .  
2 .  
3 .  
4 .  
5 .  
6 .  
7 .  
Two load pos i t i ons  mu st be cons i dered i n  determ i n i n g  requ i red 
th icknesses : 
I n s ide edge near l ane/shoulder joint {encroaching  traffic) ; and, 
Outside edge of shoul der ( parked traff i c) . 
Mi n imum t h i ckness of 6 i nches i s  recommended; 
Taper ing  of t h i ckness is not recommended ; 
Sh oul der width shoul d be at l east 3 to 5 feet ; 
Tie  systems that prov ide  at l east 50 percent l oad transfer great l y  
reduce cr i t i cal  stresses ; 
Moderate foundat i on support i s  justi fied ; and ,  
Sl ab l ength shou l d  not exceed 1 5  feet . 
Much of the report focu ses on the deve lopment of a computer program to  
analyze a g i ven set  of  i n pu t  design  parameters .  Th e program determi nes the 
fat igue  damage due to the spec i f i ed l oadi ngs . A m i n imum th i c kness may be 
chosen for the g iven  cond i t ions  by ana lyzing  di fferent th i c knesses and 
rel at i n g  a l l owab l e  fatigue damage to shoul der t h i c kness.  Th i s  program 
appears  to be u s ef u l  i n  t h a t  many d i fferent  d e s i g n s  may be a n a l yzed 
q u i c k l y ,  and it  i s  more l i kely that an opt imum des i g n  may be determi ned. 
"WHAT WE HAVE LEARNED TO DATE FROM EXPERIMENTAL CONCRETE SHOULDER PROJECTS" 
E .  c .  Lokken , Record 434 ,  H i ghway Research Board , 1973 
Th i s  paper summar i zes performanc e ,  exam ines design  detai l s  devel oped 
from e x p e r i m e n t a l  proj e ct s ,  and  m a k e s  re commen d at i o n s  for des i g n  for  
max i m u m  s afety and e c o n omy . Concrete  s h o u l d e r s  i n  u rban  areas  h av e  
functi oned primari ly  to furn i sh add i t i onal emergency par k i ng or travel area 
and to improve surface drai nage faci l i t i e s .  I n  general , the s ame t h i ckness 
has been used for the shoul der as for the mai n roadway . Several states now 
i n c l ud e  con crete  s h o u l d e r s  as a s t andard  s h o u l der  des i g n ;  det a i l s  of 
concrete shoul der standard s may be obtai ned from I l l i n o i s  and Pennsy l v an i a .  
From a structural standpo i n t ,  the 6- i nch t h i c kness  used on projects to 
date has shown exce l l ent performance. Several projects have u sed a wedge­
shaped shoul der sect ion , meeting the roadway pavement th i ckn ess at i ts edge 
and th i n n i ng to 6 i n ches at the outer shoul der edge. 
Th ere has been  l i t t l e  e v i d e n c e  from exper i me n t a l  p r o j e c t s  t h at a 
subbase of any k i nd has contri buted to concrete shoul der performance.  The 
sma l l  reduc t i on in crac k i ng that resu l ted where a subbase was used appears 
to be i n s i g n i f i cant. Because shoul ders carry no sustained l oad, the crac k s  
are subject t o  l i t t l e  traff i c- i nduced deteri orat i o n .  
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I n  an experimental s houl der sec t i on i n  I l l i noi s ,  i t  was shown that 
l ongi tudi nal  j o i nt seal ing  was not needed . Howeve r ,  s ome states h ave fel t 
that s eal i n g ,  because of i ts relatively  l ow cos t ,  i s  add i t i onal  i ns urance 
agai n st l eakage of water to the s ubgrade at th i s  cr it i cal  poi n t .  
T h e  need f o r  deformed t i e  b a r s  o r  t i e  bo l t s between ro adway an d  
shoul der s l abs defi n i tely has been estab l i shed . Dur i n g  the l i fe o f  the 
shoul der , the l ow relative  cost of t i e  s teel and the advantage of pos i t i ve 
preven t i on of s eparat i on at the cr i t i ca l  jo int  between the two s l ab makes 
its use a wi se i nvestmen t .  
The effectiveness o f  transverse c on traction  j oi nts  at short spacings  
i n  red w:: i ng crac k i ng i n  s h oulders has been d emons tr a te d . There is no 
i n d i c at i o n  that contract i on j o i nts need to be u n i formly spaced or that 20 
feet shou ld  be the mi n imum spac ing .  Depth of the contract ion jo in t  has 
been n ormal ly  a fourth of the depth of the shoul der s l ab ;  most contract ion 
joi nts have been seal ed with a l ow- cost rubber asphal t compound,  
Corrug ati ons have been bu i l t  i nto most c on crete shoul der s .  Th e rumble  
effect  i s  a d i s t i n c t  s a fety feat u re , and  c o r r u g a t i o n s  have  s erved  to  
del i neate l ateral roadway l im i ts . 
W i th one excepti on , al l concrete shoul ders have been bu i l t  wi thout 
r e i n f o r c eme n t .  P e r f o r m a n c e  d o e s  n o t  i n d i c a t e  a n e e d  f o r  s t e e l  
rei nforcement i n  concrete shoul ders .  
T h e r e  i s  n o  ment i o n  i n  t h i s  r e p o r t  c o n c e r n i n g  the  ab i l i ty of t h e  
shoul der to  carry a spec i f i c  sustai ned l oad. I t  i s  further s uggested that 
shoul der des ign standards be obtai ned from I l l i no i s  and Pe nnsyl v an i a  for 
compar i son.  
"SHORT-SLAB UNREINFORCED CONCRETE PAVEMENT AND SHOULDERS: 
A FIVE-YEAR PERFORMANCE SUMMARY" 
J .  M .  Vyc e ,  Res earch Report 95 ,  New York  Department of Tr ans portat i on ,  1 982 
I n  1 9 7 5 ,  two p a v eme n t s  on I -88 were c o n s t r u c ted w i t h  s h o r t  n o n ­
rei nforced concrete s l abs and concrete shou l ders .  They were separated by a 
sect i on wi th standard 63- foot 6- i nch mesh re i n forced s l abs  and asphal t 
shoul ders , used for control purposes . Two port i ons  on each short- s l ab 
project were bu i l t  with s l ab l engths of 23 feet 4 i n ches and 26 feet 8 
i n ches , and one of these secti ons on each contract was constructed with no 
l ong i tudi na l jo i nt  between 1 anes . In add i t i o n ,  a conc rete secondary road 
re l ocated as part of another nearby I -88 contract was p l aced 7 i n ches th i ck 
with re inforcement , with s l ab l engths i n  the pattern of 18-22-16-20 feet . 
After one year of s erv i ce ,  one of the sh ort- s l ab pavements on the mai n l i n e  
exh i b i ted an  unusual  amount of  deteri orat ion .  Random and l ongi tudi nal  
crack s  were present in  several areas , as were spal l s  over the t ie bars 
across the pavement-shoul der l ong itud i nal  j o i n t .  Th i s  s i t uat i on l ed to 
more i ntens ive  mon itori ng and observat i on on the experimental and control 
pavements than had been ant i c i pated dur ing  the i n i t i a l  years of serv i ce. 
Re l a t i v e l y  s u b s t a n t i a l  d i s t r e s s  was o c c urr i n g on  o n l y  o n e  of t h e  
exper imental contracts , i n d i cati ng that several mater i a l , des i g n ,  and 
construc t i on v ar i at i ons were res pon s i b l e  for a s i gn i fi cant port i on of the 
d i s t r e s s .  These  i n c l uded t h e  q u a l i ty of s u bgr ade materi a l , s u b b a s e  
thi ckness , and treatment o f  the l on g i tud i nal pavement- shoul der j o i n t .  
Severa 1 changes have been made and appl i ed t o  s ubsequent contracts , but 
these experimental contracts wi l l  cont i n ue to be moni tored to determ i ne the 
consequence of hav i ng no mesh to control crack i n g .  
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" IMPROVI NG SUBDRAINAGE AND SHOULDERS OF EXISTING PAVEMENTS" 
B.  J .  Dempsey , M .  I .  Darter , and s .  H. Carpenter , FHWA/RD-81 /07 7 ,  Federal 
H i g hway Admi n i s trat i on ,  1982 
The object ive  of research was to determ i ne whether or not mo i s tu re i s  
accel erat i n g  the deter i oration of the pavement and ,  i f  so ,  at what rate? 
Dete r i orat i on of the s houl der i n  the v i c i n i ty of the pavement- s houl der 
j o i n t  i s  con s i derably more severe when a s ig n i f i cant quantity of water i s  
present beneath the pavement and shoul der struc tures .  Th e mag n i tude of the 
s e v er i ty d e p e n d s  on amo u n t  and d i s t r i b u t i on of ra i n f a l l ,  t emper a t u r e , 
expans ive clay subqrades , and the strength and type oLstructuraLshoulder 
section .  
Not much i s  known about stress and strain  l evel s i n  shoul ders due to 
the l ac k  of i nformat i on on the exact moi sture and temperature cond i t i on of 
the mater i a l s .  
The f irst  step i n  the des i g n  procedure i s  t o  est imate the var i at i on of 
moi sture content and temperature ( shoul der) over the l i fe of the shoul der . 
O n c e  t h e s e  are k n own , c a l c u l ated s t r e s s es and  s t ra i n s  may be u s e d  t o  
pred i ct the l i fe of the shoulder.  
Th e shoul der-pavement joint  is  c r i t i cal  to the performance of the 
shou lder.  Technol ogy to mi n imize water i nfi l trat ion  i nto joi nts has been 
poor . Improving  the pavement- shoul der j o i n t  wi 1 1  improve performance of 
the shou l der . 
Sh oul ders have essen t i a l ly the s ame prob l ems as the ma i n l i n e  pavement . 
However , they are amp l i f i ed by two major factor s :  
1 .  Th e shoul der i s  common ly a th i n ner structural sec t i on ; and,  
2 .  Mo i sture i s  concentrated at both edges of shoul ders as constructed 
on today ' s h ighways . 
M o i s t u r e  affects  the  behav i o r  o f  t h e  mater i a l s  u s ed i n  s h o u l der  
des i g n .  Performance deteri orates rap id ly  when the mater i a l s  are exposed to  
moi sture.  
Temperature var i at ions  i n  the  shoul ders are d i fferent than those i n  
the adj o i n i ng pavement.  Th us , d i fferent stress cond i t i ons  exi st .  Here, the 
pe rforman c e  of the s h o u l d e r s  s u ffer  the mo s t  as a r e s u l t  of th e s e  
d i fferences . 
"A SYMPOSIUM ON H IGHWAY SHOULDERS" 
Bul l e t i n  1 5 1 ,  H ighway Research Board ,  1957  
The  fol l owing conc l u s i ons  and  recommendati ons were offered : 
SHOULDER WI DTHS 
Four to 1 0  feet 
TURF SHOULDERS 
Have probl ems wi th rutting  due to moi sture and poor surface r un- off . 
These cond i t i ons  greatly degrade the stabi l i ty of the shou lder .  A 
method to improve stabi l i ty of ALL shoul ders was the pract i ce of 
p l a c i n g  a permeab l e  s ubbase under the pavement and exten d i ng i t  
through the shoul der to the d i tc h .  
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SHOULDERS FOR FLEXI BLE PAVEMENT 
A type of shoul der pavement support u sed was one wh ich  had mu l t i l ayers 
from d i tch  l i ne to d i tch l i ne .  Of 43 states , the fol lowi ng stati s t i c s  
were found : 
( 1 )  E i g hteen states used base courses extend i ng the ful l wi dth of 
sect ion .  The rema i n der wi dened the  base course beyond the width 
of traffic  l ane from 1 /4 to  1 1 /2 feet . 
(2} Twenty - fhe sta te s  u s e d  a bituminous s urface  course  on  t h e  
s ho u l ders . Th irteen o f  those states used a b i tumi nous s urface 
treatment mi xed in p lace .  
HEAVY DUTY HIGHWAYS 
Sh oul ders shou l d  con s i s t  of h ot-m ix asphal t i c  concrete or penetration 
macadam. 
SECONDARY ROADS 
Shoul der pavement shoul d con s i s t  of surface treatment or mi xed- i n­
pl ace surface courses . 
GEOMETRI C DES I GN 
Shoul der s houl d be con t i n uous  wi th a usab le  width of 8 to  1 2  feet. 
C ROSS SLOPES 
One-q uarter to 1 i nch  per foot.  
RELATI ONSH I P  OF ACCI DENT RATE TO H IGHWAY SHOULDER W I DTH 
Ac c i dent data on two- l ane  h ig hways i n  Connect i c ut with  paved shoul der 
widths rang i ng from 0 to  10 feet were tabul ated. The average da i ly  
t raff i c  vol umes had  a general relati on s h i p  to  the  pavement , shoul der , 
and total surface widths.  However , no re lati onsh i p  was found to ex i st 
with  the acci dent rate. 
Po l i cy for construc t i on (Oh io )  prov ided s tabi l i zed shoul ders a l ong the 
outs ide  pavement edge of a l l d i v i ded h ighways and a l ong each edge of al l 
two- l ane  pavements with more than 200 h eavy commerc i al veh i c l es per day .  
Some turf shoul ders ( l imi ted t o  l ow-vol ume road s )  were st i l l  used.  
"SHOULDER USE ON AN URBAN FREEWAY " 
s .  E.  Bergman and c .  L .  Sh uffl egarger Jr . , Record 3 1 ,  H i ghway Re search 
Board , J anuary , 1963. 
Th e s i n g l e  most  f r e q u e n t  r e a s o n  to  u s e  the s h o u l der  was " t o  offer 
assi stance , "  However , t h i s  use  wou l d  not have occurred if  there h ad not 
been an ear l i er use for some reason . Th e most frequent reasons for an 
i n i t i a l  u sage  were motor troub l e  or t i re tro u b l e .  Uses i nvol v i ng accidents 
do not s eem d i sproport i onal ly great nor do uses for roadway mai ntenance . 
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Kowever , no usage was recorded u n  1 ess the mai ntenance veh i c l e  moved back 
and forth i nto the traffi c  stream. The medi an l ength of stay was under 5 
m i n u t e s . A great  number of v e h i c l es p u l l onto  t h e  s h o u l der for a few 
mi nutes and then l eav e ,  and these represent a major usage of shoul ders . 
Re su l ts of the s tudy i nd i cated that the percentage of veh i c l es u s i n g  
t h e  shoul der that were truc k s  was cons i stently h i gher than t h e  percentage  
of truc k s  in  the  traff i c  stream as a who l e .  The reverse was genera l ly true 
for passenger cars .  
"USE O F  TOTAL BENEFIT ANALYSIS FOR OPTIMIZING LANE WIDTH. SHOULDER WIDTH. 
AND SHOULDER SURFACE TYPE ON TWO-LANE RURAL HIGHWAYS" 
D .  B. Brown and J .  F .  Ban k s , Record 7 57 ,  Tran sportat i on Re search Board , 
1 980 . 
Th e object i v e  i s  to bal ance the vari ous costs of design  parameters so 
the tota l safety benefit  is  max imi zed. A procedure cal l ed total benef i t  
tech n i que  i s  used t o  approach the prob l em. Fo ur phases o f  the tech n i que  
are  as  fol l ows : 
Phase 1 :  Determ i ne con struct i on cos t s .  
Phase 2 :  Determ i ne acci dent cost s .  
P h a s e  3 :  Determi ne cand i date des i g n s .  
Phase 4 :  Sel ect the f ina l  des i g n .  
Resu l ts o f  t h e  analys i s  a l l ow an agency t o  se l ect designs  of pavement 
width , shoul der width , and shoul der type that are opt imum from a safety 
s tandpo i n t .  
•coNCEPT AND DESIGN O F  TRUCK RESTS" 
Memo from J . K. Havens to W. B .  Drake , August 19 ,  1980 ( F i l e  K . 3 . 2 7 ,  P. 3 . 9 ) . 
A truck rest ( or truck pul l - off) i s  a s urface area , separate from the 
normal con t i nuous shou l der ,  des i g ned to  prov ide s pace for par k i n g  of one or 
more veh i c l es for sem i - emergency stopp i n g .  A truck rest d i ffers from a 
r e s t  area  i n  t h a t  t h ey d o  n o t  prov i de separated par k i ng a r e a s  an d  
add i t i onal  fac i l i t i es ( i . e . , res trooms ) ,  and they are used for re lative ly  
short per i od s  of  time .  
T h e  n eed for t r u c k  r e s t s  d epends  o n  t h e  c h arac ter and  v o l ume of 
traff i c  and the type of h i ghway and its  geograph i cal  l ocat i on .  Only a h i g h  
percentage o f  heavy trucks wou l d  warrant such fac i l i t i e s .  Two- 1 ane roads 
i n  mountai nous terra i n  further warrant the use  of truck rests . 
Tr uc kers stop most often at the crests of h i l l s .  Th i s  provides the 
opt imum comb i nat i on of safety and economy .  
Th e ent i re truck rest fac i l i ty sh oul d b e  desig ned t o  b e  separate from 
the normal shoul der. For those c l asses of h i g hway s requ i r i ng a 30-foot 
c l ear zone ,  the enti re fac i l i ty coul d be constructed w ith in  that zone but 
outs ide the normal shoul der . Structural des ign  criter ia  for the pavement 
wo u l d  b e  e s t a b l i s h ed by t h e  v o l ume and  c h a r a c t e r  of t h e  traf f i c .  EAL 
parameters wou l d  not  be  enti rely appl i cabl e .  Estimates of t h e  frequency of 
use  wo u l d  be des i rab l e .  Kowever , pavements equ i val ent to the ma i n l i ne 
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shou l d  prov ide adequate performance , More conservati vely , the pavement 
shou ld  be desi gned to wi thstand the stat i c  we ight of the truck p l u s  reserve 
strength for fat igue ,  Geometri es are part i a l ly  establ i shed by the necess i ty 
and func t i on of the truck rest . A storage area 320 feet l ong i s  proposed ; 
h o we v e r , f u r t h e r i n v e s t i g a t i o n may a l t e r t h i s .  D e c e l e r a t i o n  a n d  
accel erat i on tapers should  be i n  accordance with the AASKTO bl ue book . 
S i g n i ng shoul d be i n  accordance with MUTCD. 
Most shoul ders are not desi gned to hand l e  the l oad of heavy veh i c l es . 
Th ey are u s u a l ly  t h i n  ove r l ay s  to  a c c ommodate  c a r s  and  l i g ht t r u c k s  
adequately ,  but do not perform wel l when heavy veh i c l es travel over them.  
n s u rfaced  .. . agg regate ... s h o uJ ders  and  s o i  l s  . . . . tend  to frost  . h e a v e , 
render i n g  them unstab l e  upon me l t i n g .  These exposed shoul ders a l so wash 
and erod e ,  thus caus i ng further burden on mai ntenance,  
Al l advantage shou l d  be  taken i n  des ign  and  retrofitting  to  ut i l i ze 
r o c k  s u bgrade  to  b r i n g  t h e  s h o u l der  emb a n kment  u p  to  t h e  f o u n d a t i o n 
e l e v a t i on for the  d e s i r ed pavement t em p l a t e .  So i l  s h o u l d  not  be  u s ed 
u n l e s s  trench-type construct i on i s  sought.  Edge drai ns  or french dra i n s  
might  b e  needed i f  there i s  a porous dra i n ing  base beneath the mai n l i n e  
pavement. Th ere ,  a t h i c ker pav ement wo u l d  b e  needed, 
By i m p l eme n t i n g  t h e  t r u c k  r e s t ,  p r e s e n t  s h o u l d e r t h i c k n e s s  
requ i rements could  be desig ned only  for thei r i ntended u s e .  If  the need 
ar i s e s  to d i vert traff i c  to t h e  s h o u l d e r s , t h e  s h o u l d e r s  c o u l d  b e  
s t r en g t hened  i n  ad v a n c e  o r  r e p a i red aft erwards . A n  over a l l b e ne f i t  
( econom i c )  may be rea l i zed by reduc i ng the mi l eage of heavy-d uty shoul ders . 
"OPERATIONAL AND SAFETY EFFECTS OF DRIVING ON PAVED SHOULDERS IN  TEXAS" 
D .  B .  Fambro,  D .  s. Turner ,  and R. 0 .  Rogness , Research Report No. 265- 2F , 
Texas Transportat i on I n s t i tute ,  Janu ary 1 98 1 . 
T h e  o b j e c t i v e o f  t h i s  s t udy  w a s  t o  q u a n t i fy b e n e f i t s  a n d / o r  
d i s b e n e f i t s  a s s oc i ated w i t h  s h o u l der  u s a g e  i n  Te xas . U s e s  o f  paved  
shoul ders i n c l ude pu l l i ng onto  them to l et faster veh i c l e s  pass  on rura l 
two - l a ne  road s ,  to  bypa s s  l e ft- t u r n i n g v eh i c l e s at  d r i v eways o r  n o n ­
channe l i zed i ntersect i ons , o r  a s  a n  aux i l i ary l ane.  
A comb i nat ion questi onna i re and  personal i nter v i ew techni que was u s ed 
to obtai n add i t i onal  i n s ight .  The most common responses were as fol l ows : 
a) I n tended Function -- for emergency stops ; 
b )  Oper at i o n a l  P r o b l ems - - u s a g e  a s  a pa s s i n g l an e  ( p a s s i n g  o n  
r i ght) ; 
c )  Safety Prob lems - - usage near narrow bri dges ; and , 
d )  F ie ld  Exper i ence -- most dr i vers wi l l  use  a paved shoul der . 
Th e add i t i on of paved shoul ders to a two- l ane roadway i s  effec t i v e  i n  
red u c i ng the total n umber of acc idents.  The convers i on of a shoul der to  an  
add i t i onal  travel l ane i ncreases the  total n umber of  acc idents on l ow­
vol ume fac i l i t i es .  
Two s eparate acc i dent i nvestigati ons were conduc ted as a port i on of 
t h i s  research.  The i r  object ives  were to determi ne  the safety effects of 
p a v e d s h o u l d e r s  on t h r e e  ty p e s  of r u r a l  h i g h w ay s .  Th e i n i t i a l  
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i n v e s t i g a t i o n w a s  a n  a n a l y s i s  o f  ac c i d e n t  r a t e s , p a t t e r n s ,  a n d  
character i st i c s  on roadways with and without paved shoulders . The second 
w a s  a b e f o r e - a n d - a f t e r  s t u dy t o  d e t e r m i n e  t h e  c h a n g e  i n  s a f e ty 
c h a r a c t er i s t i c s c a u s e d  by t h e  ad d i t i on o f  paved  s h o u l d e r s . The  most  
s i g n i f i c ant resul ts from these analyses are as fol l ow:  
a )  The acc i dent rate for  each roadway type increases as  the  vol ume 
i ncreases ; 
b )  Two- l a ne  h i g hways w i t h o u t  paved s h o u l d e r s  have  t h e  h i g h e s t  
acc "fd ent rates and are rnos t  sens i ti v e  t o  chang es i n  traffic 
vol ume;  
c )  "Poor-Boy" roadways have an acci dent rate in  between the  other 
two types ( two- 1 ane h i ghways with paved shoul ders and two- 1 ane 
h i g hways wi t h o u t  p a v ed s h ou l d e r s )  of roads and  are l e a s t  
sen s i tive to vol ume changes ; 
d )  Construct i on of ful l -width pav ed shoul ders at r ural i ntersect i ons  
may be  effect i ve in  reduc ing  the n umber of  acci dents on h i g h­
vol ume roadway s ;  
e )  The add i t i on o f  ful l -width paved shoul ders t o  a two- l ane roadway 
i s  effect i v e  i n  red u c i n g t h e  t o t a l  n umber of a c c i de n t s  t h a t  
occur ; and,  
f )  Conver s i on of a shoul der to an add i t i onal  travel l ane resul ts in  
fewer total accidents on ly if  the  vol ume is  greater than 3 , 000 
v eh i c l es per day. 
F i e l d  measurements were made to quant i fy operat i onal  character i s t i cs 
on three types of rural h ighways . Sign i f i cant f i n d i ng s  are as fol l ow :  
a )  Operat i onal  benefits deri ved from a ful l -width paved shoul der 
i ncrease as the vol ume i ncreases ; 
b )  Th ese benefits  are m i n imal at l ow and moderate vol umes ; h owev er , 
at vol umes greater than 200 veh i c l es per hour,  a paved shoul der 
wi l l  i n crease the s peed on the roadway by at l east 10 percen t ;  
c )  Only about 5 percent o f  the traff i c  actua l ly uses the shoul der ; 
d )  Conv ers i on o f  the shoul der to  an add i t i onal  travel l ane offers no 
apparent operati onal  benef i t s  unti l the vol ume reaches about 1 50 
v e h i c l e s  per hour ; and , 
e )  Such  a c o n v e r s i on w i l l  r e s u l t  i n  more  than  two- t h i rds  o f  t h e  
traff i c  u s i ng the outs ide or " shoulder"  l ane.  
Recommendat i ons from th i s  study i nc l uded the fol l owi ng : 
a )  A paved shou l der shou l d  not be  cons i dered a part of  the roadway ; 
b )  Paved shoul ders shou l d  probably b e  added t o  a l l  two- l ane roads 
with traff i c  vol umes i n  excess of 200 veh i c l es per hour ; and ,  
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c )  C o n v er s i o n  o f  a p a v ed s h o u l d e r  to  a n  add i t i on a l  t r a v e l  l an e  
p r o b a b l y  s h o u l d  n o t  be  c on s i d e r ed u n l es s  t h e  v o l ume on  t h e  
roadway exceeds 3 , 000 veh i c l es per day .  
"EFFECT O F  SHOUlDER WIDTH AND CONDITION O N  SAFETY : A CRITIQUE OF CURRENT 
STATE OF THE ART• 
c .  V .  Zegeer and D .  D .  Perk i n s , Record 7 5 7 ,  Transportat ion Re search Board , 
198 1 . 
Sh oul der-wi den i ng projects shoul d n ot be sel ected randomlx b ut shoul d 
b e  b a s e d  p r imar i l y on  t h e  i n c i de n c e  o f  r u n - off- t h e- road and  hea d- on  
accidents . Widening  shou ld  be g i ven a h i g her preference on  moderate and 
h i g h  vol ume roads and where rel ated acci dent n umbers are abnorma l l y  h i gh .  
Sh oul der widen i ng o f  hori zontal curves and w ind ing  sect i ons  s houl d be 
g i ven h i gher pr ior i ty over l evel  tangent sect i ons .  On rural two- l ane roads , 
optimal shoul der widths are 6 to 9 feet. 
"THE EFFECT OF lANE AND SHOUlDER WIOTHS ON ACC IDENT REDUCTIONS ON RURAl , 
TWO-ILANE ROADS" 
c .  V. Zegeer , R. c .  Deen , and J .  G .  Mayes , Research Report 56 1 ,  Kentuc ky 
Department of Transportat i on ,  October , 1980,  
A s t udy i n  O r e gon  c o n c l uded  that t o t a l  acc i d e n t s  i n cr e a s e  w i t h  
i n creas i ng shoul der width ( except for roads with  AADT ' s  of 3 , 600 t o  5 , 500) , 
Mos t  other study ' s  h ave reveal ed a decrease i n  acci dents with  an i ncrease 
of shoul der width for h i g hways with an AADT ' s of 3 , 000 to 5 , 00 0 ,  In a 
North Caro l i na study , i t  was found that paved shoul ders had a s i g n i f i can tly  
l o w e r  t r a f f i c  e x p e r i e n c e a n d  s e v e r i ty i n d e x .  I n  O h i o , s h o u l d e r  
stab i l i zat i on resul ted i n  a 38-percent reduc t i on i n  a l l  acci dents and a 46-
percent red uction in fatal  acc i dents.  
Cost of wi den i n g  and  stabi l i zat i on of shoul ders depends on  the  amount 
of widen i n g  to be done and techn iques used , 
"PAVEMENT AND SHOUlDER MAINTENANCE PERFORMANCE GUIDES" 
N. F .  Rutherford , FHWA-TS -84-208 , Federal  H i g hway Admi n i strat i o n ,  August , 
1 984. 
Th i s  was a j o i nt effort by e i g ht states that centered on t he fol l ow i n g  
seven pavement and shoul der ma i ntenance act i v i t i e s :  
1 .  Crack seal i n g  of b i tum inous pavements ; 
2 .  Crack and joint  seal i n g  of concrete pavements ; 
3 .  Shou l der mai ntenance - - bi tum i nous shoul ders wi th b i t umi nous 
pavements ; 
4 .  S h o u l der  mai n t e n a n c e  -- b i t u m i n o u s  s h o u l ders  w i t h  c o n c r e t e  
pavement and concrete shoul ders with concrete pavements ; 
5 ,  Seal coat i ng ;  
6 ,  Repa i r  of concrete joi nts and spal l ed areas ; and,  
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7 .  Br i dge approach s ettl ement correct i on .  
E l eme n t s  o f  e a c h  ma i n t e n a n c e  a c t i v i ty i n c l u d ed t h e  t y p e s  o f  
d i s tr es s e s ,  proba b l e  ca u s e s ,  cr i t e r i a  o r  warr a n t s , mater i a l s  u s e d , 
frequency , expected l i fe , and cost per u n i t .  
Performance gu ides t o  fol l ow were f i e l d  tested for on ly  a 12-month 
per i od ;  however , the performance gu ide  for each ma i ntenance act i v i ty i s  
cons i dered to be the s tate- o f- the-art o n  e x i s t i ng mater i a l s ,  equ i pment ,  and 
procedures.  Of i nterest to th i s  study are the fo l l owing : 
MAI fHENAN££ · OF BITUMINOUS · SHOULDERS . .  WITH BITUMINOUS PAVEMENT 
Performance g u i des for crack seal i ng are appl i cabl e  to b i tumi nous 
s h o u l d e r ma i n t e n a n c e .  P r o b a b l e  or r o o t  c a u s e s  f o r  s h o u l d e r  
d e t er i orat i o n  may be d i fferent  than  the  roadway proper ; however , 
correct ive  or prev ent i v e  mai ntenance should  be essent i a l l y  the same. 
When weeds are v i s i b l e in crac ks , a good herb i c ide shoul d  be used 
promptl y  to prec l ude further accel erated deter i oration of the paved 
shoulder.  Depend i ng on envi ronmental s urround i ngs , a good herbi c ide  
shoul d l ast one  to three years .  Sh oul der turf and/or gravel b u i ld-up  
should  be  removed when the  b u i l d-up restri cts shou l ders from dra i n i ng 
free l y ,  normal ly every two or th ree years . 
MAI NTENANCE OF BITUMI NOUS SHOULDERS WITH CONCRETE PAVEMENTS AND CONCRETE 
SHOULDERS WITH CONCRETE PAVEMENT 
P e r f ormance g u i d e s  for c r a c k  s e a l i n g ,  s e a l  c o at i n g ,  and  s h o u l der 
ma i n t e n a n c e  of b i t um i n o u s  s h o u l d e r s  w i t h  b i t um i n o u s  p a v ement  are 
ap p l i c a b l e  to  ma i n t e n a n c e  of b i t umi n o u s  s h o u l ders  w i th c o n c r e t e  
pavements . The performance g u i d e  for crack and jo int  seal i n g  for 
concrete pavement is appl i cab le  to ma i ntenance of concrete shoul ders 
with concrete pavement s .  
For l ane/shoul der j o i nt separat i on ( PCC pavements w i th b i tuminous 
s h o u l d e r s ) ,  the j o i n t  s h o u l d  be  s ea l ed when v i s u a l  i n s p e c t i on 
i n d i cates water i s  i nf i l trat i ng the l ower l ayers . A rubber as phalt  i s  
recommended to seal the l ongi tudi nal  shoul der j o i n t .  
For l ane/shoul der drop off (PCC pavements w i t h  b i tum i n ou s  shou l ders)  
the warrant for repai r states that , when the drop off is  1 i nch or 
more for 50 percent or more of a mi l e ,  bui l d-up  of the shoul ders i s  
necessary. To correct l ane/shou l der drop off , b i t umi nous hot-m i x , 
b i t u m i n o u s  c o l d- m i x ,  s l u r ry s e a l s ,  or  c h i p  s e a l s h a v e  been  u s ed 
success ful ly .  
L i k ew i s e ,  l an e / s h o u l d e r  h e a v e s  ( PC C  p a v ement s  w ith  b i t um i n o u s  
s h o u l d e r s ) , s h o u l d  b e  r em o v e d  w i t h  a m o t o r  g r a d e r  w h e n  t h e  
d i fferent i a  1 i s  1 i n c h  o r  more for 5 0  percent or more of any m i l  e .  
However , safety i s  the pr ime consi derat ion  with regard to shoul der 
drop off and shoul der heave and correct ive  work shou l d  be done even 
though l ess than 50 percent of any one mi l e  may be heaved or sagged 1 
i n ch .  
Expected performance i s  4 t o  5 years for j o i n t ,  drop off, and heave 
repa i rs of shoul ders.  
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" IMPROVED DRAINAGE AND FROST ACTION CRITERIA FOR NEW JERSEY PAVEMENT DESIGN 
- VOlUME I I ,  EXPERIMENTAl SUBSURFACE DRAI NAGE APPLICATIONS" 
G .  s .  Koz l ov ,  V. Motto l a ,  and G. Meha l c h i c k ,  FHWA/NJ-84/0 1 2 ,  84- 0 1 2 -7740,  
D i v i s i o n of R e s e a r c h  a n d  D e m o n s t r a t i o n ,  New J e r s ey D e p a r tme n t  o f  
Transportat i on , January , 1 984. 
The fundamental obj ect ive  of th is  research proj ect was to document 
design  methods and construct i on and ma i ntenance procedures for a subsurface 
drai nage system .  I n  the i n i t i a l  report on pavement underdra i nag e ,  the 
extent of water- i nduced d i stress in  New Jersey h ig hways was descr i bed . The 
report identified an urgent need for better i nternaL drainage. Theor et i cal 
assessments and l aboratory i nvest i gations  were u ndertaken to develop a 
dra i n ag e  l ay e r  de s i g n . Th i s  report  d e s c r i be s  efforts  to  v e r i fy t h e  
effec t i veness and pract i cal i ty o f  that design  through test-track and f i e l d  
t r i a l s .  
A c i r c u l a r  t e s t  t r a c k  at  t h e  U n i v ers i ty o f  I l l i n o i s  wa s u s ed t o  
eval uate smal l - scale  sect i ons  o f  pavement conta i n i ng a drai nage l ayer of 
e i ther b i tumi nous- stabi l i zed open-g raded ( BSOG) aggregate mater i a l  or a 
n o n - s ta b i l i z ed open- graded ( N SOG ) aggregate .  Th i s  wor k  a l s o i n vo l ved  
e v a l u a t i o n  of f i l ter  c l ot h  and  l i me- f l y  ash  s t a b i l i zat i on to  p r e v e n t  
i ntrus i on o f  fi nes i nto the open-graded materia l . 
Th e I l l i no i s  test-track res u l t s  i nd icate the i n c l u s i on of the NJDOT ' s  
open-graded l ayer i n  a pavement above dense- graded gran u l ar mater i a  1 wi l l  
not prevent the sat uration of that mater i a l . However ,  the l ayer wi l l  tend 
to accel erate drainage of the under l y i ng dense-graded mater i a l . P l ac i ng an 
open- graded course immed i ately bel ow the l owest bound l ayer of a pavement 
prov i des an effect ive med i um to carry away i nfi l tered s urface water. Al s o ,  
i f  t h e  o p e n - g raded l ayer  i s  p r o p e r l y  d e s i g n ed , i t  wi l l  t r a n s m i t  and  
d i stribute  app l i ed traff i c  l oads to an  u nder l y i n g  s ubbase mater i a l  without 
deter i orat i ng consol i dat i on or reor i entat i on of the aggregate mat r i x .  
A surpri s i ng f i n d i ng was that n o  i n f i l trat i on o f  fi nes i nto the open­
g raded l ayer  from t h e  u n d e r l y i n g  mater i a l  was  o b s er v ed . Th i s  ap p l i ed 
equal ly  to sect i ons  hav i n g  f i l ter c l oth , subbase stab i l i zat i on ,  and no 
protect i v e  med i um other than the subbas e ' s own f i l teri ng ab i l i ty.  
F i e l d  tr i a l s  of the drai nage system were compl eted near the end of the 
s t u dy per i o d ,  and  performance  data o f  any s i g n i f i c a n c e  wi l l  not  be  
ava i l ab l e  for a n umber of years . Therefore,  emphas i s  i n  th is  report i s  
p l aced on def i n i ng constr uction  sequences and method s for underdra i n age 
components . 
Th e proposed New Jersey i nternal drai nage design  i s  a f i n e ly tuned 
bal ance of functional  surface drai nage , a subs urface dra i n age l ayer , and 
l on g i tud i nal  edge dra i n s .  A drai nage l ayer immed i ately below the l owest 
bound l ayer of pavement has the greatest poten t i a l  for el iminating  water 
b u i l d- u p .  Th i s  l ayer of ei ther BSOG or NSOG mater ia l , when combi ned with 
appropri ate edge drains  and out 1 ets ,  can remove i ntruded s urface water 
before i t  damages the pavement str ucture.  
•DESIGN AND USE OF HIGHWAY SHOULDERS" 
Syn t h e s i s  Report  63 , N a t i o n a l  Cooperat i v e H i g hway Research  Pr ogram , 
Transportat ion  Research Board , 1979 .  
S h o u l d e r s  are  an important  e l ement  i n  the  h i g hway , Th ey g i v e  
s t r u c t u r a l  s u pport , and  t h e  s a f e ty benef i t s  far  exceed t h e  c o s t  o f  
shoulder s .  
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Many probl ems sti l l  remai n ,  espec i a l ly with  s houl ders on rural  roads 
that have not been upgraded to today ' s standards .  The joint  between a 
concrete pavement and a b i tum i nous shoul der i s  s t i l l  a prev al ent prob l em.  
C o n c l u s i on s  conta i n ed i n  NCHRP  Report 202  as  t o  d e s i g n ,  s ea l an t s ,  and  
drai nage should  be tested in  control l ed envi ronment s .  
S t ud i e s s h o u l d  be  c o n d u c t e d  to  improve  d r a i n age sy s t ems . More  
atten t i o n  shoul d be  g i v en to the  ev al uation of  shoul der cond i t i on s .  An 
a n a l y s i s  by t h e  F edera l  H i g hway Adm i n i s trat i o n  s howed t h a t  s h o u l der  
widen i ng or  improvement had the  h ig hest benefi t1 cost rat i o  of  any safety 
improvement for wh i c h  there i s  adequate data.  
····· · · · · · · · · ················ ········· 
•oESIGN PRACTICES FOR PAVED SHOULDERS" 
R .  G .  H i c k s ,  R .  D .  B a r k s d a l e ,  a n d  D .  K .  E m e ry , A n n u a l  M e e t i n g ,  
Transportat i on Re search Board , January ,  1976.  
Deteri orat ion  of aspha l t i c  concrete shoul ders normal ly occurs at the 
j o i n t b e tween the p a v ement  and s h o u l der . Th i s  d e t er i orat i o n  not o n l y  
affects str uctural strength o f  the shoul der but a l so l eads t o  faul t i n g ,  
c r a c k i n g ,  s p a l l i n g ,  a n d  s e t t l ement o f  t h e  p a v ement  a n d / or s h o u l der  
s u r f a c e s .  H e n c e , deter i orat i on o f  t h i s  s o r t  may prove  to be  a s e r i o u s  
s afety h azard. 
The ma i n  cause of j o i nt deteri orat i on is water i n f i l trat i o n .  If water 
p e n e t r a t e s  i n to u n s ea l ed j o i n t s , i t  wi l l  f l ow t h r o u g h  t h e  s u b b a s e  an d  
subgrade of  the  shoul der . Co upl i n g  th i s  with  repeated traffic  l oads , the 
s ubbase beneath the shoul der and concrete s l ab can be pumped , caus i n g  the 
fai l ure of the s l ab and crac k i ng and/or sett l ement of the shoul der. 
Attempts to prevent water i nfi l trat ion  have been made by s eal i n g  the  
l ong i tud i nal  jo i nts . However , i t  has  been conceded that no j o i nt can  be 
watert i ght for the l i fe of the pavement . Thus , steps should  be made to 
m i n im i ze the amount of water that fl ows throug h  the jo int  and to des ign  
s t ro n g e r  p a v emen t - s h o u l der s t r u c t u r e s  that  u t i l i ze d r a i nage  and  b a s e  
treatment .  
Shoul ders constructed with  1 1 /2 to  2 i n ches o f  asph a l t i c  concrete and 
6 i n ches of gran u l ar base have performed poorly due to gross underdes ign . 
I n  add i t i o n ,  s e c t i o n s  hav i n g  d ee p  g r an u l a r b a s e s  h a v e  exper i e n c e d  
s et t l ement  prob l ems cau s ed by o n e  or  a c omb i n at i on of t h e  f o l l owi n g  
factors : 
1 .  I nadequate compact i on ;  
2 .  U s e  of frost suscept i b l e  mater i a l ; 
3 .  Poor gradat i on and/or smal l maximum s i ze aggregate ;  and , 
4 .  U se of l ow-qual i ty uncrus hed gravel aggregate. 
•cuRRENT DESIGN POLIC IES OF VARIOUS AGENCIES" 
H.  Downs , Jr. and D .  W. Wal l ace ,  Report 254, Nati onal Cooperat i ve H i g hway 
Research Program , December ,  1 982. 
Arkansas Shoul der strength s ,  wh i l e  a maj or concern , are not 
s p e c i f i c a l l y  d e s i g n ed , b u t  rather  are b a s ed on 
prev ious  experi ence . 
65 
Ba lt imore County ,  
Ca 1 i forn i a  
S h o u l d e r  s t r e n g t h s  a r e  n o t  d e s i g n e d , b u t  a l l 
Maryl and Maryl and shoul ders are ei ther stabi l i zed 
( dou b l e  s urface treatment on 6 i nches of crusher- r un 
ston e )  or  paved  fu l l  ma i n l i n e depth  i f  u s ed as a 
par k i ng l ane/ off peak-runn i ng l ane/peak. 
Shoulder strengths are des i g ned on the bas i s  of two 
percent of equ i val ent axl el oads (EAL) on the adjacent 
l ane , with  a m i n imum traff i c  i ndex of 5 . 0 .  Use of 
two percent of EAL was es tab 1 i shed after i n- house ····· ···························· · · · · ······························ ············ research and d iscuss ions with other states. ( That 
research a l so determined that about three percent of 
t h e  t r u c k  t r a f f i c  e n c r o a c h e s  1 to 2 feet o n t o  t h e  
shoul der i n  rural areas . )  
Connecti cut 
Georg i a  
Idaho 
I l l i n o i s  
Lake County ,  
I l l i no i s  
Mary l and 
Nebraska  
Al l shoul ders are  paved to the  s ame des ign strength 
as mai n l i ne  pav ements .  
S h o u l d e r  w i d t h s  and  s t r e n g t h s  are  d e t e rm i n e d  
con s i der i ng truck and veh i c l e  vol umes . 
Shoul der strengths are typi ca l l y designed the s ame as 
mai n l i ne pavements.  
S h o u l d e r  d e s i g n i s  e m p i r i c a l , e x c e p t  w h e r e  
ant i c i pated shoul der uses requ i re greater shoul der 
strengths ( s uch  as in the v i c i n i ty of we igh  stat i ons , 
at l ocati ons of repet i t i v e  truck park i n g ,  and where 
shoul ders wi l l  be used for mai ntenance of traff i c  
d ur i ng construct i on ) , 
Shoul der strengths are based on standard des i gns  and 
are not normal ly  des igned for each project. 
S h o u l d e r  s t r e n g t h s  are p r i ma r i l y  d e s i g n ed on  t h e  
bas i s  o f  truck vol umes . For l es s  than 500 truc k s  per 
d ay ,  o n e - way i n  l O t h  y e a r , a 1 -y e a r l i f e as a 
throug h- l ane i s  used for shoul der thi ckness des i g n .  
Where more than 500 trucks per day one-way i n  l Oth 
year , a 2-year l i fe as a t h r o u g h - l ane  i s  u s ed for 
shoul der t h i c kness des i g n .  On b i t umi nous concrete 
pav i n g  projects with greater than 500 trucks per day 
i n  l Oth year ,  the mai n l i n e  pavement s ect i on ( i . e . , 
fu l l  depth) i s  extended 2 feet i nto the shoul der area 
to comp e n s ate  for veh i c l es trac k i n g beyond  t h e  
s t r i p i n g  at the road ' s edge .  On l ow-type faci l i t i e s ,  
a l e s s er ( t h i n n e r )  s e c t i o n i s  prov i de d .  Where  
s h o u l d e r s  are to  s e r v e  a s  t h r o u g h  l a n e s , byp a s s  
l a n e s , t ur n i ng l an e s , o r  extra  p av i ng a t  t u r n i n g  
radi i ,  the same pav ing  sect i ons  as the mai n l i ne  are 
prov i ded . 
Sh oul der widths and s trengths are based on traffic  
vol umes , h i ghway c l as s i f i cat ions , and proposed uses . 
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New Jersey 
New Mex i co 
New York 
North Caro l i na 
Texas 
West Vi r g i n i a  
Sh oul der strengths are typ i cal ly des ig ned to be 1 0  
percent of the ma i n l i ne  pavement des i g n .  The u s e  of 
10  percent i s  based on prev i ou s  poor exper i ence with 
shoul ders of l es ser strength .  
Sh oul ders are con str ucted o f  the same mater i a l s as 
the ma i n l i nes .  For concrete pavements with concrete 
shou l ders , the shoul der i s  tapered from the t raffic  
l an e  depth  t o  6 i n c h e s  or  1 /2 ma i n l i n e t h i c k n e s s , 
wh i c h ev e r  i s  greate r ,  at  t h e  outer  edge o f  t h e  
shoulder. For flexible pavements on roadways with a 
curv ing and rol l i n g  a l i gnment and/or where the truck 
vol ume i s  12 percent or more of the traffi c stream , 
t h e  s h o u l d e r  i s  o f  t h e  s am e  t h i c k n e s s  a s  t h e  
mai n l i n e .  For f l ex i b l e  pavements on roadways wh ere 
s i ght  d i s tances are good and truck vol umes are l es s  
t h an 1 2  p e r c e n t  o f  t h e  t r af f i c  s t ream,  80  p e r c e n t  
l ess ADT i s  used for des ign  of t h e  shoul der strength .  
Shoul der strength is  des i gn ed on the bas i s  of  t raff i c  
vol umes and expected truck l oads .  
Shoul der widths and strengths  are determi ned u s i ng 
traffic  vol umes and h i g hway c l as s i f icati ons , 
S h o u l d e r  s t r e n g t h s  are typ i c a l l y  t h e  s ame a s  t h e  
mai n l i nes.  
Shoul der strength is  normal ly not des i gned. Normal 
pract i c e  i s  to prov ide aggregate and pav i ng in the 
same overal l  t h i c kness as the mai n l i ne s .  
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APPENDIX  B 
PERFORMANCE SURVEYS 
Port l and Cement Concrete Sh oul ders 
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APPENDIX C 
PERFORMANCE SURVEYS 
B i tum i nous  Concrete Sh ou l ders 
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